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THE ETHICAL DILEMMA OF SCIENCE 


Address by 
Pror. A. V. HILL, C.H., O.B.E., F.R.S. 


PRESIDENT OF THE ASSOCIATION 


ExactLy a hundred years the 
British Association was meeting for the 
first time in Belfast ; we are happy indeed 
to be gathered here today, in this hospit- 
able city, to test your hospitality again 
and celebrate with you a century of pro- 
gress of British science. The part which 
your kinsfolk have played in this makes a 
long and honourable story. Often their 
work was done in other parts of our Islands, 
or far away overseas : that belongs to your 
ungrudging tradition of service and ad- 
venture, and it does not stop you from 
producing, in every generation, plenty 
more of their kind. In 1660 the little 
town of Killyleagh, some twenty miles 
from here, was the birthplace of Hans 
Sloane, botanist, collector, physician, and 
president of the Royal Society, on whose 
hequest to the nation the British Museum in 
London was founded: its two-hundredth 
anniversary will be celebrated next year. 
In the following century Joseph Black, 
the son of a native of Belfast and edu- 
cated here, was a pioneer in chemistry 
and the theory of heat. In 1824, in this 
city, William Thomson was born, Lord 
Kelvin, the famous physicist and inventor, 
his father a native of Co. Down being 
then a teacher of mathematics in the 
Royal Academical Institution here. Joseph 
Larmor, born in Co. Antrim in 1857, was 
taught at that school, and when he became 
Senior Wrangler at Cambridge in 1880, 
repeating the success of a schoolmate the 
year before, a torchlight procession was 
held in Belfast—to the bewilderment (as 
Eddington records) of the shy young 
mathematician. This city was the birth- 
place in 1866 of E. W. MacBride, the zoo- 
logist, also at the same school : those of us 
who remember him affectionately could 
never have imagined him coming from any- 
where else. A dear friend of many of us, 
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Joseph Barcroft the physiologist, was born 
at Newry in 1872, and learnt what he 
knew of the things that really matter (as he 
truly said) sailing in Carlingford Lough. 
And among the living, Frederick Donnan, 
a native of Holywood, Co. Down, and a 
graduate of Queen’s, whose imagination 
has fertilised both chemistry and biology, 
tells me that he took part in the meeting 
here in 1902. Thus it goes on. British 
science owes much to the fertile and imagi- 
native minds, the vigorous temperaments 
and the warm hearts of your kinsmen ; 
and in celebrating the centenary of our 
first visit to Belfast we and you can 
remember them with pride. 

We can recall too that applied science is 
a partner in the great industries for which 
Belfast and Northern Ireland are famous, 
the city for shipbuilding, engineering and 
textiles, the country around for agriculture. 
In the Report of the British Association for 
1852 there is a description of the vortex 
water wheel, an early form of turbine, in 
working use at a near-by mill: James 
Thomson, elder brother of Lord Kelvin 
and for many years professor of civil en- 
gineering at Queen’s College, had patented 
a vortex water wheel in 1850. Inthe same 
Report is a long account, by the Professor 
of Agriculture at Queen’s College, of the 
composition and economy of the flax plant : 
while thirty pages were devoted to the 
fattening of animals—English animals, it 
is true, but their cousins here have been apt 
pupils. In such practical arts, based alike 
on scientific knowledge and _ traditional 
skill, the contribution of Northern Ireland 
has been as distinguished as in the advance- 
ment of science itself ; and we may confi- 
dently expect that the present meeting of 
the British Association will serve not only 
to celebrate the achievements of the last cen- 
tury, but to foster the endeavours of the next. 
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The Presidential Address 


The President of 1852 was Edward 
Sabine, astronomer, explorer and geode- 
sist, a colonel then in the Royal Artillery. 
Sabine at that time was treasurer of the 
Royal Society, at various others he was 
physical secretary, foreign secretary and 
president : indeed, for completeness, he 
should have been biological secretary too, 
for his name occurs in an index of British 
and Irish Botanists, and in the British 
Museum are plants collected by him in 
Arctic expeditions. Sabine was an Irish- 
man, and if your president today is Eng- 
lish, with an ancestor from Northern 
Ireland two hundred years ago, that only 


emphasises, after a century, the unity of 


science. Indeed, there are many Irishmen 
with us today from the other side of the 
border: they are doubly welcome, for 
science admits no frontiers, and customs 
duty is not levied on ideas or friendship. 
Sabine’s address referred particularly to 
the subject of his own chief interest for 
many years, the periodic variations of 
terrestrial magnetism: indeed, he an- 
nounced in his address the discovery of the 
connexion between sunspots and mag- 
netic disturbances in the earth. He 
finished his address by _ referring to 
‘allusions . . . made by influential men 
. . to a direct representation of Science 
in Parliament.’ The benefit, he said, 
which the Legislature might derive from 
such a change was a question rather 
for statesmen than for scientists ; but as 
regards Science itself he expressed his 
strong conviction that the possible gain 
would be far outweighed by inevitable 
loss, and that scientific men could not too 
highly value the advantage they possessed 
in the undisturbed enjoyment of their own 
pursuits untroubled by the excitements and 
distractions of political life. The practical 
importance of Science today, and its im- 
pact on public affairs, have greatly re- 
duced that undisturbed enjoyment ; and 
though all would agree that the direct 
representation of Science as such in the 
House of Commons is impracticable, none 
would doubt the advantage to Parliament 
and the nation if more of its members had 
some personal acquaintance with science. 
It might indeed be well, in a reformed 
Second Chamber, to provide the same 
representation to Science as at present is 
afforded to the Church and the Law. 
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‘two famous young Irishmen 
present at the meeting here in 


gow six years earlier at the unusual age of 
22, was president of the Section of Physics : 


the other, George Gabriel Stokes, then 33, [ 


delivered a public lecture on fluorescence 
due to ultraviolet light passing through a 
solution of quinine. Both were among 
the foremost physicists of the following 
half century, and Kelvin succeeded Stokes 
as president of the Royal Society. 

The next meeting in Belfast was in 1874, 
when another Irishman, John ‘Tyndall, 
presided. His notable address will be 
referred to later. Huxley delivered an 
evening Discourse with the provocative 
title, ‘The hypothesis that animals are 
automata’ ; whether for that or for some 
other cause it is recorded that he was 
threatened with assault by a nonconform- 
ist minister. On the lighter side, a de- 
scription was given of an old lady of III 
who chatted away continually in a clear 
voice, was in possession of all her faculties, 
took snuff, and had white hair and a skin 
as solf as velvet : which is encouraging to 
those who take snuff and have white hair. 

The last meeting at Belfast was 50 years 
ago, in 1902, under the presidency of 


James Dewar, a Scotsman, famous for his 


work on the liquefaction of gases. Lord 
Kelvin, loyal to Belfast, read a curious 
paper in the Physics Section entitled 
‘Animal Thermostat.’ The great phy- 
sicist, arguing on thermodynamic prin- 
ciples, speculated whether the breath of 
an animal, kept a considerable time in a 
hot bath above the natural temperature 
of its body, might be found to contain no 
carbon dioxide at all; possibly even 4 
surplus of oxygen, pointing to an ‘ un- 
burning ’ of matter in the body. I hope 
the physiologists were present at the dis- 
cussion ; one of them, Joseph Barcrolt, 
would certainly have offered to make the 
experiment on himself. Henry Armstrong, 
provocative as usual and at considerable 
length, gave a presidential address to the 
Section of Educational Science. ‘Today, 
fifty years after, we are delighted to have 
with us a few of those who were here in 
1902: we bid them a warm welcome to 
their jubilee. 
The Second War delayed our coming 


were 
1852. 
William Thomson, Lord Kelvin, elected ty | 
the Chair of Natural Philosophy at Glas. | 


to tl 
succt 
burg 
of s¢ 
sum] 
then 
State 
sidec 
Cou: 
we 1 


Pres 
wor 


gal 
ono 
ead 
50), 
pro 
able 
and 
The 
but 
that 
be € 
work 
hap} 
It 
hee 
Zeal 
bed 
tion 
deer 
We 
| 
pers 
and 
our 
pan 
us, 
sam 
Que 
T 
He 
dis 
trib 
has 
diff 
all 
as ¢ 
fact 
= 


'YSICS : 
en 33, 
scence 
ugh a 
mong 
owing 


Stokes 


1874, 
ndall, 
ill be 
ad an 
cative 
Is are 
some 
was 
form- 
a de- 
of 
clear 
ulties, 
a skin 
ing to 
hair. 
years 
cy of 
or his 
Lord 
irlous 
titled 
phy: 
prin- 
ith of 
ina 
‘ature 
in no 
yen a 
un- 
hope 
e dis- 
croft, 
e the 
rong, 
rable 
o the 
oday, 
have 
re in 
ne to 


ming 


ial agin; after which, Belfast, licking her 


1852, 
“ted to 
Glas. 


age of 


honourable wounds, needed time to get 
ready. But here we are assembled, after 
5), 78 and 100 years. ‘There is every 
promise of a notable meeting, and the 
certainly of a most friendly and_hospit- 
able reception by the city and citizens, 
and the Queen’s University, of Belfast. 
There will be other occasions for thanks, 
hut at our Inaugural Meeting it is fitting 
that the gratitude of the Association should 
be expressed at once to all who have 
worked so hard to make our gathering 
happy and successful. 

It is a very special pleasure to be called 
to the Presidency of the Association in 
succession to H.R.H. the Duke of Edin- 
burgh, who won the confidence and esteem 
of scientific people at our meeting last 
summer, confirmed by many contacts with 
them since in Canada and the United 
States and recently in Britain. He pre- 
sided at the December meeting of the 
Council, and we told him then how glad 
we were that these contacts were soon to 
be extended to Ceylon, Australia and New 
Zealand. ‘Those hopes, alas, have had to 
hedeferred ; and on behalf of the Associa- 
tion I wrote in February to tell him of our 
deep sympathy in the bereavement which 
H.M. The Queen and he had suffered. 
We mourned the loss, not only of a Royal 
Patron but of one whom all regarded with 
personal gratitude and affection. I added, 
and I know you will warmly confirm, that 
our sorrow and sympathy were accom- 
panied, since we had seen him at work with 
us, by the certain expectation that the 
same confident affection will support The 
Queen and him in the years ahead. 

The Duke of Edinburgh concluded his 
Presidential Address last year with the 
words, 


‘It is clearly our duty as citizens to see 
that science is used for the benefit of 
mankind. For, of what use is science if 
man does not survive ?’ 


Here was a challenge to his successor : to 
discuss how far science has already con- 
tnbuted to human betterment, how far it 
has provided fresh problems, dangers and 
difficulties ; and to suggest ways in which 
all who are concerned withscience can help, 
a citizens, to make sure that its results in 
fact are beneficial. 


The Presidential Address 


As citizens : for scientists as such have no 
title to superior wisdom or virtue, and out- 
side their special knowledge they are just 
as likely as others to be misled. The 
fundamental principle of scientific work is 
unbending integrity of thought, following 
the evidence of fact wherever it may lead, 
within the limits of experimental error 
and honest mistake. On this there can be 
no compromise. And since science is a 
universal interest of mankind, recognising 
no barriers of race, class, religion, or 
opinion (provided that is honest), a 
necessary condition of its advance and 
application is one of friendliness, frank- 
ness and equality. Goodwill and integrity, 
therefore, are indispensable alike to scienti- 
fic progress itself and its successful employ- 
ment for the benefit of mankind. Those 
who look to scientists as magicians, able to 
conjure a universal formula out of a hat, 
may be disappointed to find only soancient 
a doctrine : and admittedly there is far 
more to science than integrity and good- 
will. But these are the qualities chiefly 
required to utilise the opportunities, to 
resolve the problems and difficulties, which 
science has provided for present-day 
society. 

The common phrase, ‘this scientific 
age,’ is all too apt to imply, with little 
justification, that the majority of people, at 
least in highly developed countries, now 
think and act scientifically ; and, with no 
justification at all, to suggest that science 
can replace the older motives of human 
conduct. It is true that the external cir- 
cumstances of life have been vastly altered 
by the applications of scientific discovery 
and invention, though as yet for only a 
minority of mankind. The future alone 
can decide whether natural resources and 
human ingenuity will prove sufficient, 
given statesmanship and goodwill, for the 
same transformation gradually to affect 
the whole of human society. If not, are 
stable conditions ultimately possible ? Or 
will there be perpetual conflict between the 
‘haves’ and the ‘ have-nots ’? It is true 
also that the methods, ideas and results of 
scientific inquiry have penetrated widely, 
if not deeply, into popular thinking and 
belief: the jargon at least of science is 
widespread, and magic and superstition 
are gradually losing, if not their currency 
at least their respectability. Yet such 
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The Presidential Address 


changes may have little real influence on 
the basic pattern of human behaviour, and 
if witches are no longer hunted down and 
killed, political and racial intolerance can 
lead to even wilder and crueller excesses. 
In clearing away old idolatries there is 
always a danger of allowing new ones to 
creep in : the unclean spirit went out when 
the house was swept and garnished, but 
only to return with seven others more 
wicked than himself. ‘The improvement 
of man’s estate by the application of 
scientific knowledge is one of the loftiest of 
adventures : but a belief that it can be 
achieved by scientific methods alone, with- 
out a moral basis to society, is a perilous 
illusion. If the methods of human experi- 
ment and racial improvement adopted by 
the Nazis could be regarded purely as 
applied biology, there might be much to 
say for them. But most of us believe that 
by abandoning a faith (which has nothing 
directly to do with science) in the sanctity 
of the human individual and of moral law, 
they were heading straight for disaster. 
Yet we shall see later the dilemma in 
which such scruples put us, in respect of the 
gravest of all world problems. 

The conflict between new knowledge 
and traditional belief is no novelty. When 
Eve saw that the tree of knowledge was 
good for food and that it was pleasant to 
the eyes, and to be desired to make one 
wise, she took of the fruit thereof and did 
eat and gave also to Adam and he did eat. 
Which led, as you have read, to their 
exclusion from the garden and the warning 
‘in sorrow shalt thou eat of it all the days 
of thy life.’ Again and again the attempt 
has been made to forbid the fruit of scien- 
tific knowledge. In 1874 in this city John 
Tyndall delivered a presidential address to 
the British Association which provoked a 
hurricane of controversy : the records tell 
us that it was denounced from every 
pulpit in Belfast. Yet, reading it now, one 
is impressed not only by its courage but by 
its reasonableness. It is true that he 
claimed that science will wrest from 
theology the entire domain of cosmo- 
logical theory, whether of living or of non- 
living things; but he had_ previously 
referred to the immovable basis of the 
religious sentiment in human nature, 
bringing as he said ‘ completeness and 
dignity to man.’ The views of Lucretius 
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and Bruno, Darwin and Spencer, might 


be wrong: whether right or wrong, he 
insisted, we claim the right to discuss them, 
If today I claim the right to discuss not 
only the scientific facts themselves byt 
their consequences in human affairs, | 
doubt whether denunciation will follow: 
if it does, I shall be sorry but unrepentant, 

The development which has _ brought 
most vividly to the public conscience 
today the ethical problems aroused by the 
advance of scientific knowledge lies in the 
field of nuclear physics ; and groups of 
scientific people in the free countries of 
the world are vigorously debating it 
various consequences, among them par- 
ticularly the secrecy attached to weapons 
as new and devastating as those provided 
by nuclear fission. Atomic physics, how. 
ever, is only one of many scientific develop- 
ments which have brought, or are bringing, 
a mixture of possible good and evil about 
which judgments of relative value mus 
be formed : we must not get too excited 
about one of them. There is no secrecy 
about most of these developments, they 
occur gradually and continuously before 
our eyes, we tend to accept them without 
question as though they were natural 
phenomena : yet in fact the consequences 
of one of them provide the most solemn 
problem in the world. The dilemma is 
this. All the impulses of decent humanity, 
all the dictates of religion and all the tra- 
ditions of medicine insist that suffering 
should be relieved, curable disease cured, 
preventible disease prevented. The obliga- 
tion is regarded as unconditional : it is 
not permitted to argue that the suffering 
is due to folly, that the children are not 
wanted, that the patient’s family would be 
happier if he died. All that may be so: 
but to accept it as a guide to action would 
lead to a degradation of standards 0 
humanity by which civilisation would be 
permanently and_ indefinitely poorer. 
Conduct usually falls short of principles: 
but that would be the worst reason fot 
abandoning principles altogether. 

In many parts of the world advances li 
public health, improved sanitation, the 
avoidance of epidemics, the fighting 
insect-borne disease, the lowering © 
infantile death rates and a prolongatiot 
of the span of life have led to a vast Ir 
crease of population. Not only is the 
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might pulation increasing but in many places 
ng, he} its rate of increase is still rising : and these 
s them, processes will take so long to reverse that 
USS Not fF for many years to come the shortage of 
es but} natural resource’, particularly of food, is 
fairs, | bound to provide increasing deprivation 
follow: | anddisturbance. That provides the practi- 
entant. § cal motive of the Colombo Plan. In India, 
rought a Government Planning Commission in 
Science F 4 report of July 1951 entitled ‘ The First 
by the F Five Year Plan,’ has dared to face the 
3 in the F facts, A doubling in the last thirty years of 
ups o! F the survival rate (births minus deaths) has 
tries of f Jed to a rate of increase of nearly 1} per 
ing is} cent. per annum, a total of 5 millions every 
m pal- | year in a population of 360 millions. 
§ 
‘onde | ‘With all the effort that the First{Five 
;, hove} Year Plan will represent, it will be 
evelop- possible barely to restore by 1955-1956 
inging,} the pre-war standards in regard to food 
l about} and clothing. Increasing pressure of 
e mus | population on natural resources retards 
excited | economic progress and limits seriously 
secrecy | the rate of extension of social services so 
s, they} sential to civilized existence.’ 
before} The pre-war standard in fact was 
without } miserably poor, a large part of the popula- 
natural } tion existed below the level of a decent 
{uencts } life, scores of millions only just above that 
solemm | of famine. Yet the gigantic national 
nma 5} ¢ffort proposed in the Five Year Plan, 
manity, } even if successful, may only just restore 
the tra } that miserable standard. Can it sustain 
iffering | it then if the rate of population increase 
cured, | continues ? It is easy to answer that a 
obliga-} higher standard of life has led in other 
1 5} countries to a gradually falling birth rate : 
iffering | but a higher standard requires a far 
are No} greater charge on natural resources of all 
ould be} kinds, which cannot be met until the 
be 0: f pressure of population is reduced. 
wouli the meantime there is more than 
ards of danger that the emergency will result in 
ould be f an over-use of natural resources, leading 
poort!: by land erosion, deforestation and other 
ciples: | factors to permanent and _ irretrievable 
son for loss: this has happened already, and is 
_ | Visibly happening now, in many parts of 
inces iF the world. In a special Section on 
on, the F Family Planning’ the Indian Report 
ting . tecognises that ‘ an alteration in popula- 
ing _°'} ton trends takes at least a few generations 
ngatio" | to materialize;’ and steps are suggested for 
vast 10°} the education of public opinion on the need 
isthe for limitation, and for experimental efforts 
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to be made in the application of simple 
methods of birth control. For its wisdom 
and courage in acknowledging the gravity 
of the situation the Indian Planning Com- 
mission deserves every support: but the 
problem itself has not begun to be solved, 
and its consequences will dominate the 
development of India for many years; 
indeed, its gravity will continue to in- 
crease. Malaria is admitted by the 
Planning Commission to take an annual 
toll of a million lives, tuberculosis of half 
a million. The resolute use of insecticides 
and anti-malarial drugs could soon reduce 
the former to a small fraction : tubercu- 
losis is bound to require more effort and a 
longer term. Nobody would dare to say 
that steps to combat these diseases, and 
others such as cholera, to improve rural 
and industrial health, to increase the 
supply of drugs and medical equipment 
and services, should not be taken on the 
highest priority: but the consequence 
must be faced that a further increase of a 
million people per annum would result. 
Thus science, biological, medical, chemi- 
cal and engineering, applied for motives 
of decent humanity entirely beyond re- 
proach, with no objectionable secrecy, has 
led to a problem of the utmost public 
gravity which will require all the resources 
of science, humanity and statesmanship 
for its solution. 

The example of India has been taken 
because of the sheer magnitude of the 
problem and because its seriousness is now 
admitted by humane and responsible 
men: but the same conditions exist al- 
ready in many parts of the world and will 
soon exist elsewhere. It is not a question 
only of food: if a higher standard of 
life is to become universal, with educa- 
tion, communications, housing, reasonable 
amenities and public health, a far greater 
demand will be made on all such natural 
resources as power, chemicals, minerals, 
metals, water and wood. One is left 
wondering how long these can possibly 
take the strain. Could world supplies 
conceivably hold out if the present require- 
ment per head, in the United States, 
were multiplied in proportion to meet the 
same demand everywhere—even without 
any increase of present population ; and 
if so, for how long? ‘There is much dis- 
cussion of human rights. At what level 
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can these be reasonably pitched ? and do 
they extend to unlimited reproduction, 
with a consequent obligation falling on 
those more careful? These problems 
must be faced not only with goodwill and 
humanity, but also with integrity and 
courage, not refusing to recognise the 
compulsion of simple arithmetic. It is 
right that the scientific imagination should 
be allowed to play sometimes with the 
more distant future, when possibly new 
methods and resources may be found to 
solve all problems ; but only on condition 
that our minds are not deflected from the 
urgent realities of the present. 

By vast improvements in communica- 
tions, which have made the world so 
small, applied science has been one of the 
chief agents in the present ferment of 
social, political and economic thought. 
Can one urge, after the event, that the 
application was a mistake and that the 
majority of mankind could better have 
remained isolated and in ignorance? By 
making world war technically possible, 
applied science has helped to stir up 
national ambitions and social revolutions 
which, if poverty and deficiency continue 
without hope, may lead to major world 
catastrophe. Should we therefore refuse to 
employ science in defence of liberty and 
resign ourselves to a universal police state 
where no scruples are permitted? Are we, 
in scientific research, to say that some sub- 
jects may be investigated, but not others 
for fear of the consequences ? Who then 
is to decide and by what international 
authority ? And is it practical to insist 
that all scientific knowledge should be 
fully and openly disclosed, without secrecy 
or reservation of any kind, military or 
industrial ? These are problems which 
cannot be solved by rhetoric, or by any 
simple formula. The purpose of setting 
them out is to make clear that we must 
face them with honesty and courage ; for 
they will not solve themselves. 

I have led you to the ethical dilemma 
which perplexes many of us by taking an 
example in which few would question 
either the motives of those who made the 
original discoveries, or the humanity of 
their application : or indeed could wish 
that the fruit of the tree of knowledge had 
been left untried. It is easy to say now 
that side by side with the control of disease 
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there should have been an equal and 
parallel effort in education, particularly 
the education of women as responsible 
citizens: for there is no possibility, jf 
women remain ignorant and illiterate, of 
intelligent widespread family planning 
and control. But education alone would 
not have been enough, or indeed possible 
itself without a substantial measure of 
material and social betterment : and the 
expense and effort involved in this would 
have been indefinitely greater than in the 
application of medicine and _ hygiene, 
which after all has been relatively cheap, 
Had it been possible to foresee the enor- 
mous success of this application, would 
humane people have agreed that it could 
better have been held back, to keep in 
step with other parallel progress, so that 
development could be planned and or- 
derly ? Some might say yes, taking the 
purely biological view that if men will 
breed like rabbits they must be allowed to 
die like rabbits, until gradually improving 
education and the demand for a higher 
standard of life teach them better. Most 
people would still say no. But suppose 
it were certain now that the pressure of 
increasing population, uncontrolled by 
disease, would lead not only to widespread 
exhaustion of the soil and of other capital 
resources but also to continuing and in- 
creasing international tension and disorder, 
making it hard for civilisation itself to 
survive : would the majority of humane 
and reasonable people then change their 
minds? If ethical principles deny our 
right to do evil in order that good may 
come, are we justified in doing good when 
the foreseeable consequence is evil ? 

I remember asking an eminent Indian 
who had taken part in drawing up the so- 
called Bombay Plan of 1944 why there was 
no mention of the gravest problem of all, 
overgrowing population : he replied that 
his colleagues and he had indeed discussed 
it, but decided to leave it to God. Toa 
biologist aware of the methods by which 
animal population is in fact controlled by 
nature, this seemed pretty poor comfort: 
yet there are many who really take that 
view, admittedly with the element of 
reason that we never can be sure that 
things may not turn up to make all our 
calculations wrong. Should we then just 
continue to do the good we see in front of 
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ys, in confidence that if our motives are 
humane, good and not evil will finally 
result? Or, taking that rather easy 
course, are we not showing a lack of the 
fundamental virtues of courage and 
integrity ? 

The dilemma is a real one, and cannot 
be resolved by any simple expedient. In 
another form it is perplexing many of 
those who are concerned with the develop- 
ment of nuclear physics, the ultimate 
grvice of which may be very great, 
possibly essential if our present type of 
civilisation is to continue when other 
sources of power dry up; while the 
benefits to medicine and industry are 
already substantial. But—nuclear fission 
has released the threat of unprecedented 
violence, with the possible destruction of 
many millions of lives and the accumu- 
lated treasures, moral and material, of 
civilisation. The individual conscience 
may tell a man to have no part in it: 
that is easy enough, for there are plenty of 
other interesting things to do, but it does 
not solve the problem. Moreover, it is 
possible that defensive weapons, based on 
nuclear fission, but not of the type in- 
tended for mass destruction, can be de- 
veloped which would make armed 
aggression intolerably costly. What then 
of the abolition of secrecy ? In principle, 
yes, for the historic and unique contribu- 
tion of science to international goodwill 
has been in sharing knowledge regardless 
of race and frontier, and the chief satis- 
faction of scientific work, the condition of 
its fruitful development, is frank and free 
discussion. ‘Cast thy bread upon the 
waters, for thou shalt find it after many 
days,’ is wise and acceptable counsel in 
dealing with scientific knowledge : while 
‘he that observeth the wind shall not sow 
and he that regardeth the clouds shall not 
tap’ is as aptly applied to human 
télations as to agriculture. Every possible 
endeavour, therefore, should be made 
towards international agreement on shar- 
ing scientific and technical knowledge and 
controlling nuclear weapons: but this, 
like peace itself, is a concern of every 
Citizen, not only of scientific people. It 
shard enough to get international agree- 
ment in quite simple matters, such as the 
perilous state of the north European 
fisheries, where no secrecy is involved and 
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little national prestige, and the scientific 
evidence is unequivocal: but we must 
go on trying. 

Much scientific and technical advance 
has led to unexpected dangers and diffi- 
culties. Without our present knowledge 
of bacteriology and preventive medicine, 
gigantic armies could never be kept in the 
field, and land war on the recent scale 
would be impossible : is medical science, 
therefore, to be blamed for twentieth- 
century war? The indiscriminate use of 
insecticides, by upsetting the balance of 
nature, can quickly do more harm than 
good. Radio communication may be 
used for spreading lies and disorder as well 
as truth and goodwill. Developments in 
microbiology, in many ways beneficent, 
may be used in the future for biological 
warfare, with effects at present unpre- 
dictable ; and control by international 
agreement and inspection might be very 
difficult. The list need not be multiplied, 
all are aware that every new benefit to man- 
kind provides also its own dangers, either 
as unexpected consequences or by deliber- 
ate misuse. Science is not alone in this : 
liberty may lead to licence, religion can 
be used to inflame passions, laws can be 
exploited to protect wrongdoing. Ifscien- 
tists feel called upon to examine their 
consciences, so much the better : but they 
need not imagine that in this they are 
exceptional ! 

It has been debated whether ‘the 
scientific mind is fundamentally amoral.’ 
The real answer is that there is no such a 
thing as ‘ the scientific mind.’ Scientists 
for the most part are quite ordinary folk. 
In their particular scientific jobs they have 
developed a habit of critical examination, 
but this does not save them from wishful 
thinking in ordinary affairs, or sometimes 
even from misrepresentation and falsehood 
when their emotions or prejudices are 
strongly enough moved. Their minds 
are no more amoral than those of surgeons, 
lawyers, or scholars. As _ investigators 
most of them realise that their function 
would be stultified were they to introduce 
moral data into a scientific argument. A 
surgeon is not required, or indeed allowed, 
to consider whether it would be better for 
the world if his patient died under the 
operation, he has only to carry it out with 
skill, care and integrity : but it would be 


The Presidential Address 


foolish to conclude that the surgical mind 
is amoral. The surgeon himself, as a 
human being, has to make moral judg- 
ments : but he does so outside the oper- 
ating theatre. So it is with scientific 
people : like all good citizens they must 
take account of ethical considerations, and 
the chief of these, as with other good 
citizens, are of integrity, courage and 
goodwill. Integrity forbids them to allow 
feelings of any kind to obscure facts, but 
that does not make them amoral : after all, 
integrity is the first condition of morality. 

In the practical world of today, complete 
abandonment of secrecy, in government 
and industry, is out of the question. The 
advantages to international relations, and 
to general scientific progress, of the 
greatest possible freedom are evident ; to 
these can be added the impossibility, in a 
free democracy, of keeping the best people 
unless the conditions of their work are 
congenial. If scientific men consistently 
avoid jobs which seem to them to fall short 
of reasonable freedom, they will force 
changes of organisation so that only 
necessary secrecy is maintained. The 
penalty of filling an organisation, govern- 
mental or industrial, with second-rate 
people, cheerfully amenable to unneces- 
sary restrictions, is far too evident in its 
result on efficiency to be tolerable for long. 
The cure, therefore, is largely in scientists’ 
own hands. In this, as in many other 
aspects of their work, moral considerations 
come in, and the only way to resolve the 
dilemma which is in so many minds is to 
discuss it frankly. To neglect it alto- 
gether is not amoral but immoral, it is the 
duty of all of us as citizens to consider 
the ethical basis of our work. 

Today when the public importance of 
science and its popular esteem may turn 
some people’s heads it is well that scientists 
should realise that the prestige of science 
is not their personal property, but a trust 
which they have an obligation to pass on 
uncompromised to their successors. The 
popularising of genuine science is an im- 
portant public service, we should all be 
ready to take our part in it according to 
our powers: but to use the general 
prestige of science as a bait to attract 
attention to pronouncements on other 
topics, for example on politics or religion, 
is a disservice both to science and the 


public. As a citizen I need no mor 
justification than any other citizen jp 
saying what I like about such things : by 
I have no right to pose as a representative 
of science in discussing them. 
days when the representatives of religion 
claimed supernatural knowledge of the 
natural world it was necessary to insist, 
as Tyndall did, that the natural world 
belongs to science. Fortunately thos 
days are past. Ifthey now claim that the 
facts and trends of overpopulation are not 
what we say, we can argue about that asa 
scientific question : but if they insist that 
its consequences should be left to God, 
they must allow us as citizens to take the 
opposite view. If political pressure were 
applied in any way to force conformity to 
particular scientific theories, as happened 
in Germany and is happening now els. 
where, then one’s right and indeed one’ 
duty would be clear, alike as citizen and 
as scientist. But the nature of political 
institutions and the policies of political 
parties are not scientific questions and 
how I choose to vote has nothing to 
do with science. Indeed, curious as it 
may seem, the spectrum of political 
opinion of scientists in Britain is much the 
same as that of other similar groups: 
though the loudspeakers are generally 
tuned in to one particular wave-band. 
Some seventeen hundred years ago 
there crystallised out, from many centuries 
of experience of the human problems and 
ethical necessities of medicine, the s0- 
called Hippocratic Oath. The obligation 
of integrity and trust ; the insistent claim 
of suffering ; the care of mothers and 
children ; solicitude for the old and weak ; 
the sanctity of human life: these are as 
vital a part of medical tradition as its 
science and its art. Practice, it is true, 
may lag behind principles, but at least 
such failure is regarded as discreditable; 
and it is hard to imagine any kind o 
civilisation in which the ethical principles 
of medicine were disregarded. That 1 
one reason why the future possibility 0! 
biological warfare is particularly te 
pugnant. Today science finds itself, un- 
expectedly and without those centuries 0! 


tradition and experience, in a position 0 } 


less important to the community than 
medicine : and its ethical principles have 
not yet clearly emerged. 
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Every candidate for admission to the 
earliest of American learned associations 
was required to answer yes to the question, 
‘Do you love truth for truth’s sake, and 
will you endeavour impartially to find 
_,. it for yourself and communicate it 
to others ?’ That affirmation might have 
its place in a modern scientific version 
of the Hippocratic Oath. But again the 
same dilemma arises—‘ endeavour impar- 
tially . to communicate it to others.’ 
Apart altogether from considerations of 
national security, in many fields today 
much of the best research is done, and done 
increasingly, in industrial laboratories. 
Those who have seen and admired such 
work, and the people who do it, cannot 
but applaud the foresight which made 
it possible. But if all the results are to 
be communicated at once and impar- 
tially to others, could directors and 
shareholders be reasonably expected to 
continue their support? Indeed, if an 
industry were nationalised could it afford 
to give away its secrets to competitors 
abroad? Not in any real world, in 
which a nation must remain solvent 
and industry must depend for success on 
the rapid application of new knowledge. 
The dilemma must be met by reasonable 
compromise, of which perhaps the most 
hopeful sign today is that many of the 
directors of industry come up through 
research departments. A friendly and 
familiar contact between management 
and research, and between industrial and 
outside scientists, can reduce this particu- 
lar dilemma to manageable size. 

A graver problem is provided by re- 
search under government, when considera- 
tions of security come in. In the emer- 
gency which became evident in 1935, the 
secret development of radar for purposes 
of air defence aroused no obvious pangs 
of conscience ; and many other develop- 
ments come in that class. But the surest 
of military maxims is that counter attack 
is an essential part of defence ; to limit 
scientific methods to defensive weapons 
would be to ensure defeat, indeed it is 
quite impracticable. But let us be real- 
ists; so long as offensive weapons may 
be used, the part played by the scientist 
sno more immoral than that of the engi- 
neer, the workman, the soldier or the states- 
man, and the attitude of ‘ holier-than-thou’ 
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is unbecoming. We all bear, as citizens, 
an equal responsibility. But is it practical 
to suggest that all scientists in all countries 
should agree, and hold to their agreement 
whatever happens, to take no part in re- 
search on offensive weapons ? or at least 
should endeavour impartially to com- 
municate its results to others? The 
answer is evident. There are individuals 
in all free countries who find such work 
intolerable. In those countries their 
scruples are respected and they are at 
liberty to do something else; but let 
them not imagine that the problem is 
solved that way, or that those who think 
otherwise are necessarily stupid or im- 
moral. ‘The first condition of freedom is 
freedom of conscience, and the scientist 
has the same right to that as any citizen : 
but freedom does not extend to giving 
away other people’s property, whether of 
goods or knowledge. 

There seems to be no simple answer to 
the riddle. All knowledge, not only that 
of the natural world, can be used for evil 
as well as good: and in all ages there 
continue to be people who think that its 
fruit should be forbidden. Does the 
future welfare, therefore, of mankind 
depend on a refusal of science and a more 
intensive study of the Sermon on the 
Mount? There are others who hold the 
contrary opinion, that more and more of 
science and its applications alone can 
bring prosperity and happiness to men. 
Both of these extreme views seem to me 
entirely wrong—though the second is the 
more perilous, as more likely to be com- 
monly accepted. The so-called conflict 
between science and religion is usually 
about words, too often the words of their 
unbalanced advocates: the reality lies 
somewhere in between. ‘ Completeness 
and dignity,’ to use Tyndall’s phrase, are 
brought to man by three main channels, 
first by the religious sentiment and its 
embodiment in ethical principles, secondly 
by the influence of what is beautiful in 
nature, human personality or art, and 
thirdly by the pursuit of scientific truth 
and its resolute use in improving human 
life. Some suppose that religion and 
beauty are incompatible: others, that 
the aesthetic has no relation to thescientific 
sense : both seem to me just as mistaken 
as those who hold that the scientific and 
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the religious spirit are necessarily opposed. 
Co-operation is required, not conflict : for 
science can be used to express and apply 
the principles of ethics, and those principles 
themselves can guide the behaviour of 
scientific men : while the appreciation of 
what is good and beautiful can provide to 
both a vision of encouragement. 

Is there really then any special ethical 
dilemma which we scientific men, as 
distinct from other people, have to meet ? 
I think not : unless it be to convince our- 
selves humbly that we are just like others 
in having moral issues to face. It is true 
that integrity of thought is the absolute 


condition of our work, and that judgment 
of value must never be allowed to defleq! 


our judgments of fact. But in this we 
are not unique. It is true that scientific 
research has opened up the possibility 
of unprecedented good, or unlimited 
harm, for mankind ; but the use that j; 
made of it depends in the end on the moral 
judgments of the whole community of men, 
It is totally impossible now to reverse the 
process of discovery : it will certainly go 
on. To help to guide its use aright is not 
a scientific dilemma, but the honourable 
and compelling duty of a good citizen, 


1 Delivered Sept. 3, 1952. 
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SOME CONTRIBUTIONS TO EXPERIMENTAL 
PHYSICS FROM BRITAIN 


Address by 
Pror. A. M. TYNDALL, C.B.E., F.R.S. 


PRESIDENT OF SECTION A 


THosE who are familiar with the works of 
Bernard Shaw will remember the char- 
acter of Ann in Man and Superman. At one 
point in the drama Ann’s mother, inef- 
fective in parental influence and perplexed 
by the course of events, is driven to say 
‘It’s a very queer world. . . . Nothing 
has been right since that speech that Pro- 
fessor Tyndall made at Belfast.’ This 
reference to the address in 1874 by my 
namesake evoked a rich response from the 
patrons of the Court Theatre in London 
thirty years later, even if it passes almost 
unnoticed by an audience of today. I 
have no topic with which to follow John 
Tyndall in providing a landmark of con- 
troversy in the history of the Association ; 
still less am I likely to offer material for 
a shaft of humour from a future G.B.S. 
Indeed, it was with some hesitation that in 
retirement from academic life, I accepted 
the honour of the presidency of Section A. 
A. N. Whitehead once said that the aim 
of a university professor should be to 
exhibit himself as an ignorant man, think- 
ing. I can only conclude that on occasions 
it is also the réle of a professor emeritus, 
even though he no longer holds a chair in 
which to sit. 

I must first make a brief reference to 
the death of an old friend of the Associa- 
tion and a valued supporter of Section A. 
Since 1920 Professor Allan Ferguson 
attended nearly every meeting of the 
Association until increasing ill health 
sapped his physical powers. He was its 
General Secretary from 1935 to 1946. In 
his Address as Section A President in 


1935 at Blackpool, he gave evidence of 


the width of his philosophic and scientific 
interests. He was the embodiment of the 
spirit of the policy of the Association to act 


as a meeting ground between colleagues 
in sister sciences. Moreover, the records 
of the Association are full of the traces of 
that vigour, wit and humanity which were 
so well known to his friends and old 
students. 

We have also to record our deep 
regret that Professor J. J. Nolan, whose 
name appeared in the preliminary pro- 
gramme as one of our Vice-Presidents, 
died last April. He and I shared a 
common interest in the study of gaseous 
ions, and he carried out a great deal of 
interesting work on condensation nuclei 
and ions in both town and country air. 
He often attended B.A. meetings in earlier 
days, and I had indeed looked forward to 
the renewal of personal contact with him 
that the war had broken. 

It is now forty-eight years since I first 
attended a meeting of this Association 
early in my academic career. The 1904 
meeting was at Cambridge, and it was my 
first visit to the Cavendish Laboratory. 
It has interested me to recall what I have 
remembered of that meeting, and even 
more so what I had forgotten. It must 
surely have been one of the most dis- 
tinguished gatherings of physicists in the 
history of the Section; yet, out of all 
their contributions, there are only three 
which have remained in any detail in my 
memory. 

The first could almost stand as a testi- 
monial to the value of visual aids in 
education—I remember it so clearly. It 
was a demonstration by R. W. Wood of 
the anomalous—as it was then called— 
dispersion of sodium vapour, familiar to 
many students of Physics as illustrated in 
the frontispiece of his text-book of Physical 
Optics. Wood was a constant visitor to 
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Great Britain in those days and clearly 
found an atmosphere congenial to him 
and his particular experimental genius. 
Starting with an empty bench and finishing 
only 30 minutes later with a ruin of devitri- 
fied glass, wet cotton waste and sputtering 
sodium metal, we had witnessed a demon- 
stration which in simplicity, elegance, and 
slickness of manipulation, I have never 
seen excelled. 

The second was a discussion on the so- 
called N rays claimed by Blondlot to have 
the properties of a weak beam of X-rays 
yet refractable by a prism. A show of 
hands disclosed a surprising number of 
eminent people who had tried, and failed, 
to repeat the results, subsequently proved 
to have been purely subjective in origin. 
The incident may have warned me early 
in my academic life of the trouble that can 
be caused by failure to make suitable 
experimental checks before rushing into 
print with sensational results. But the 
lesson should still be heeded today. 

The third item was a paper by Kelvin 
who, with an inflexibility of opinion which 
is often the penalty of old age, advanced 
a molecular model for the emission of 
a-particles from polonium, as the last 
attempt to save the conception of an indi- 
visible atom. This seems strange reading 
today when ‘atomic energy’ is a term 
on every lip. But it must be remembered 
that Kelvin had belonged to a generation 
which hoped that by levers and screws it 
might pluck out the heart of the mystery 
of the Universe. Larmor used to tell the 
story of Boltzmann arriving, by a series 
of misfortunes penniless and without 
luggage, in Cambridge, whence he had 
travelled in search of Maxwell’s model of 
the ether, a device of vortices and idle 
wheels which simulated the propagation 
of electromagnetic induction. If the 
model was not actually working, he at 
least hoped to find it in the cellars of the 
Cavendish Laboratory. 

Indeed, Kelvin, had not been alone in 
his attitude towards the new ideas. Only 
the previous year Poynting, as President 
of Section A, speaking of ideas of atoms as 
storehouses of immense quantities of 
energy said, ‘So wildly extravagant do 
they seem to many chemists and some 
physicists that they will not consider them 
with any patience. But the facts are 


extraordinary and had anyone described 7 


them ten years ago he would have been set 
down as fit only for an asylum.’ But only 


two years earlier, as an undergraduate, | 


I had been following Rutherford’s early 
papers on radioactivity, at one stage 
twelve in one year from his pen alone in 
the Philosophical Magazine. Not only were 
they easy to follow, but they aroused such 
absorbing interest in me that I awaited 
the arrival of each monthly number as if 
for the next instalment of a serial story, 
So I listened to Kelvin on that occasion 
with some youthful impatience. 

Since then, by frequent practice, we 
have become more receptive to unfamiliar 
conceptions involving new language of 
expression. Relativity, quantum theory, 
wave mechanics, meson fields have fol- 
lowed one another in quick succession, 
Today, through the discovery of a whole 
range of transient forms of matter, we 
seem to be entering yet another decisive 
period in this respect in the history of 
physics. 


In the citation of a recent award of the 
Nobel prize to an English physicist, these 
words occur : ‘ His special claim to con- 
sideration is, in my view, the fact that he 
has shown that discoveries of fundamental 
importance can still be made with the 
simplest apparatus.’ The speaker was 
referring to Professor C. F. Powell and his 
use of a photographic emulsion to record 
the tracks of charged particles of high 
energy. My reason for quoting from the 
occasion is that, in my view, the words 
emphasise an approach to the field of 
experiment which is characteristic of 
much of the best of British physics and 
in accordance with the great scientific 
tradition of the British race. 

Examples of simple experiments which 
have opened up large fields for discovery 
are common in our literature. Each of us 
indeed might make our own selection. 
Immediately I think of Rayleigh in 18% 
adding weighed amounts of olive oil to 
the water in a bath in order to find the 
least thickness of a surface layer which 
would impede the movement of camphor 
under surface tension forces. This simple 


experiment not only gave an estimate of 


molecular dimensions, but led the way to 
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the conception of a monomolecular film 
with all its applications to liquid and solid 
surface phenomena. 

Or I recall Vernon Boys revolutionising 
a corner of instrument design by shooting 
an arrow across the floor of the laboratory, 
so that along it trailed a thin fibre 
drawn from a molten lump of quartz. Or 
my old teacher, A. P. Chattock, describing 
at the B.A. meeting of 1898 the first de- 
terminations to be made of the mobility 
of both positive and negative gaseous ions, 
by measurements of the pressure of the 
electric wind ; devising for it a sensitive 
pressure gauge which was taken by Stanton 
to the newly opened National Physical 
Laboratory in 1901, and used there in the 
first accurate and reliable determinations 
of the pressure of wind on structures, and 
in all the early pioneering wind-tunnel 
investigations in aeronautics. 

But instead of building a catalogue in 
this way, let us turn to the programme of 
the present meeting and trace some of its 
items back to their early days. 

The history of electrical discharge in 
gases, the subject of one of our discussions, 
isalong one. Robert Boyle was detecting 
the chemical action of electrical discharge 
when he noticed the smell that accom- 
panied the rubbing of amber. But the 
subject will always be particularly associ- 
ated with the work of J. J. Thomson, 
Townsend and Rutherford in Cambridge 
over fifty years ago, when by simple means 
they explored the phenomena of gaseous 
conduction in ionisation chambers. The 
subsequent ramifications of these experi- 
ments have been legion. Yet that period 
has been termed the age of sealing-wax 
and string ; when with the eyes of the 
whole scientific world focused on the 
Cavendish Laboratory, its equipment in 
apparatus was probably inferior to that 
of anumber of its continental competitors. 

Today we are still concerned with the 
phenomena of ionic mobility, recombina- 
tion and diffusion, then being investigated 
for the first time. Modern work on the 
electrical breakdown of gases by disruptive 
discharge which appears in our pro- 
gramme is an outcome of the early experi- 
ments by Townsend in which he carried 
the voltage-current characteristic of an 
lonisation chamber into the region where 
lonisation by collision between electrons 
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and molecules sets in. Nuclear physics 
sees another application of this early work 
in the proportional counter used, for 
example, with good effect recently in 
Glasgow by Curran and his collaborators 
in the study of soft radiations and slow 
electrons. 

The same period saw the interpretation 
of ionic diffusion in terms of classical 
kinetic theory, modified a few years later 
by Langevin to allow for the effect of the 
charge on the ion in creating induced 
electric dipoles on the surrounding mole- 
cules, treated as elastic spheres in thermal 
agitation. Though the limitations of this 
early treatment are now apparent there 
are some collision phenomena for which it 
still gives a good working model. For in- 
stance we showed at Bristol that ions of 
the alkali elements move through pure 
gases at speeds agreeing in the main with 
this theory. Moreover when the attrac- 
tive field is great enough it binds a cluster 
of molecules to the ion, despite the shocks 
of thermal agitation. 

Thus a small ion like Lit will collect a 
cluster of highly polarisable atoms of xenon 
even at room temperature ; but, in neon, 
it is necessary to reduce the thermal velo- 
city by working at 90° K before this effect 
is observed. In helium the effects are 
not appreciable until temperatures of the 
order of 20° K are reached. In the 
presence of traces of a highly polar im- 
purity such as water vapour, the formation 
of clustered ions may be followed experi- 
mentally at ordinary temperatures. In- 
deed, without special precautions to avoid 
the presence of polar molecules, ions in 
the lower atmosphere normally exist in the 
clustered state. 

But this simple classical picture is not 
adequate when we consider collisions be- 
tween electrons and molecules, or between 
charged and uncharged molecules of the 
same gas. So here we have a link between 
the classical and the modern picture of 
events. The application of wave mechanics 
to a variety of collision and discharge 
phenomena is a field of work with which the 
name of Professor D. R. Bates of Queen’s 
University is now closely associated. 

The subject of the physics of the high 
atmosphere, also under discussion this 
week, affords a striking example of my 
theme. I have in mind the first experiment 
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of Sir Edward Appleton by which, 
with Barnett, he directly established the 
existence of the Kennelly Heaviside layer 
of ionised air. Yet it was merely the radio 
analogue of an experiment familiar to 
every student of Physics, namely, the 
production of Lloyd’s fringes by inter- 
ference between two trains of light waves 
from a line source, one of which in transit 
had suffered reflection at a mirror surface. 
In the optical experiment the pattern is 
observed as a variation in intensity with 
position. In the radio experiment it was 
more convenient to fix the receiver and 
vary the wave-length of the radiation. The 
waves were received in Oxford from a 
transmitter in Bournemouth and recorded 
on a fairly quick recording galvanometer. 
It must have been exciting to witness the 
indicator go up and down as the two sets 
of waves arrived in and out of phase, and 
to work out for the first time the height of 
the layer. 

But this simple start by Appleton on the 
study of the ionosphere had an even 
greater significance. For one thing, it 
concentrated attention on echoes and so 
led to radar and the science of radio- 
meteorology. In turn that led to the 
detection of intense radio sources in outer 
space and so to a new science of radio- 
astronomy. 

Radio-astronomy would have afforded 
me with good examples of pioneering work 
still in progress in Cambridge by Ryle and 
others and at Jodrell Bank, near Man- 
chester, by Lovell and his collaborators. 
But as Professor Lovell has recently de- 
livered in Belfast the Norman Lockyer 
lecture of this Association which he 
devoted to this subject, I will only briefly 
mention two items. Firstly, another radio 
analogue, in this case of Michelson’s 
stellar interferometer, has been developed 
by Ryle to map the areas of far distant 
radio sources ; secondly, the latest news 
from Manchester is of the proposed start 
on the erection at Jodrell Bank of a new 
great radio-telescope, which should do for 
radio-astronomy what the large visual 
telescopes in the States have done for 
classical astronomy. 

The next subject to which I wish to 
refer is the physical properties of materials 
in the solid state. Though the subject 
only enters into our discussions in a minor 


way, it is one which is being activel; 


pursued on both sides of the Atlantic a 
the present time. It was Sorby in 


England who first subjected the surface } 


of a solid opaque material to microscopic 
examination. But anyone who read; 
some later papers in 1900 by Ewing and 
Rosenhain on the microscopic study of the 
crystalline structure of metals will realise 
how much arose from them. Not of leas 
importance among their observations wa; 
the discovery of the phenomenon of slip 
at gliding planes when plasticity starts, 

The study of the solid state also owes 
much to the methods of X-ray analysis, 
Although the Braggs, father and son, were 
not the first in the field in the discovery of 
X-ray diffraction, their measurement of 
an atomic spacing by X-ray reflection had 
the kind of simple directness to which | 
have specially referred. Through it they 
founded the science of X-ray spectroscopy 
with its countless applications in both pure 
and applied science. 

As one illustration of the present activity 
in Britain in the field of the solid state, we 
may take some recent work on the growth 
of crystals. For a long time physicists 
have been puzzled why crystals grow as 
fast as they do from _ supersaturated 
surroundings. Since its binding energy to 
a surface will depend upon the number of 
close neighbours, an atom is less likely 
to condense upon an ideally flat surface 
than at other places. Calculations indeed 
suggest that if growth depended upon this 
process, it is most improbable that the 
known rates could be reached. 

On the other hand, X-ray diffraction 
studies have shown that most real crystals 
are imperfect. One common defect is a 
lattice misfit known as a dislocation, 4 
conception with which the name of G. |. 
Taylor is closely associated, and which is 
now being extensively applied to explain 
some of the mechanical behaviour of 
crystalline solids. Now a principal crystal 
face which contains the end of a screw 
dislocation will have a step, one end of 
which terminates at the end of the disloca- 
tion. Such a step forms a much more 


favourable place for the retention of 


arriving atoms. But in this case it is easy 
to show that new layers never start, 
because condensation at the step does not 
eliminate the step. As the step advances 
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it acquires a spiral form, giving in the case 
of one dislocation a single layer in the 
form of a helicoid, instead of a series of 
arallel layers on top of one another. 

When this theory was first put forward 
by F. C. Frank in 1949 at a conference in 
Bristol, it received dramatic confirmation 
by the production from the pocket of a 
member of the audience (L. J. Griffin) of 
a micro-photograph of this phenomenon 
on the surface of natural beryl ; a striking 
example of the interplay of theory and 
experiment. Since then many spiral pat- 
terns on crystals of compounds and of 
metals have been found, and the process 
of growth has been watched under the 
microscope. 

Again, Dr. Keith, speaking later this 
morning, will be describing work that 
Dr. J. W. Mitchell and he have been con- 
ducting on the crystal forms of silver, 
produced in the reduction of silver bromide 
by standard chemical developers. What 
they have done is to produce a single 
crystal of pure silver bromide in the form 
of a laminar sheet about 0.2 mm. in 
thickness and of given orientation. They 
then study under the microscope the 
growth of silver crystals in its surface. 
They have in this way shown that even 
ja the long-investigated subject of photo- 
graphic action, an experiment framed on 
a simple basic principle can lead to a 
new theory of development. 

Perhaps the best illustration of all comes 
from the field of nuclear physics. Much 
has already been written elsewhere on 
our past contribution to the foundations 
of the subject. Less has been said of 
Britain’s present contribution, although, 
in one aspect of the subject resulting from 
the study of cosmic rays, it still leads the 
world. Moreover, in the techniques of 
detection of particles, whether by the 
trigger methods of scintillations or ionisa- 
tion counters, or by the track methods of 
cloud chamber or photographic plate, 
Britain has from the start been a pioneer. 

To anyone who wishes to find modern 
examples of photographs of tracks in a 
Wilson cloud chamber, I would refer them 
to a recent publication by Rochester and 
Wilson! which collects in one volume 
some 120 cosmic ray events. Some of the 


1 Rochester and Wilson, Cloud Chamber Photo- 
graphs (Pergamon Press). 


A.—Physics and Mathematics 


most novel of these refer to pairs of tracks 
forming a V which appear to originate in 
the body of the gas. They were first 
discovered by the Manchester group 
operating at the Jungfrau Observatory 
and their existence has since been con- 
firmed in Pasadena. Momentum con- 
siderations show that there must have 
been some incident particle, (uncharged 
because it left no track), provisionally 
called a V particle, which decayed in 
flight into two charged particles, whose 
tracks form the V. 

In a later Table, details concerning 
three kinds of transient V particles, two 
uncharged and one charged, are given, 
together with their probable modes of 
decay and an estimate of their average 
lifetime. 

I myself cannot speak with any direct 
experience of this technique. But I have 
been privileged to watch the progress of 
the photographic emulsion technique per- 
fected by Professor Powell in the Wills 
Laboratory at Bristol. As an example of 
the striking consequences of following up 
a simple idea there can be few better 
examples in the history of physics. The 
primary purpose of the cyclotron and its 
successors is to create artificially particles 
of high energy and to study the conse- 
quences of collisions between them and 
atomic nuclei. Machines are now under 
construction which will produce energies 
up to about 6 x 10° electron volts (6 BeV). 
But by suspending a box of plates from a 
balloon at ~ 85,000 feet the properties of 
charged particles of far higher energies, 
up to 12,000 BeV, are being studied, as 
primary cosmic rays from outer space. 
Fundamental nuclear processes are thus 
under observation which are, and may 
always be, beyond the range of any 
laboratory machine. Moreover, these 
rich dividends come from an exceedingly 
modest expenditure, running as well as 
capital, compared with that normally 
associated with a large synchrotron. 

It is interesting to recall that measure- 
ments on «-ray tracks in emulsions were 
being made in Rutherford’s laboratory in 
Manchester as early as 1910, before the 
invention of the cloud chamber. But the 
results were quantitatively not promising, 
a conclusion again reached as late as 1935. 
However, in 1938, Powell showed that, 
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even with the emulsions available at that 
time, the method had great potentialities. 
Later, thanks to the co-operative investi- 
gations of the photographic industry in 
England, standardised plates sensitive 
enough to record tracks of minimum 
ionisation, and with emulsions as thick as 
600 p were made available; and the 
method is now in world-wide use. 

Some of the principles of measurement 
on the tracks are taken over from those of a 
cloud chamber. Provided that the par- 
ticle is not moving at relativistic speed, 
the grain density may be used to estimate 
the speed of the particle at any point in the 
track. The particle also experiences small 
angle scattering as it shoots through the 
assembly of atoms in the emulsion ; from 
this we may deduce its momentum at any 
point. These measurements may thus 
be combined to eliminate the velocity and 
to give the rest mass of the particle. An 
additional check is possible when a track 
ends in the emulsion, since the length of 
the track is a measure of the initial 
kinetic energy of the particle. The 
quantities Mv?, Mv and v are then all 
known. 

To identify particles of charge greater 
than unity another measurement is neces- 
sary, because grain counting in sensitive 
plates is impossible when the track be- 


comes continuous. ‘This is furnished by a 
study of the density of delta rays, which, 
as electron tracks, appear like hairs op 


the main track. Alternatively, insensitive | 


plates have recently been used so that 
grain counting can be undertaken. 4 
paper on the analysis of the primary 
cosmic rays by these methods by P, }, 
Fowler appears later in the programme, 

Many relativistic particles giving thin 
tracks arise in high energy distintegra. 
tions; in some cases the tracks have 
been long enough to permit a mas 
determination to be made as the particle 
slows up. 

It must be appreciated that the accuracy 
of such mass determinations is not high 
judged on the standard of mass spectro- 
scopy. Deduced from a single track the 
possible error may be as high as 15 per 
cent. But, even so, the evidence for 
several new types of meson, included in 
the Table together with information on 
their properties, is strong. 

The u-meson of mass 209 electron masses 
known before the war was regarded then 
as confirming Yukawa’s theory. In this 
theory Yukawa concluded that a particle 
of a transient type could arise in a col- 
lision of sufficient speed between a nucleon 
and a nucleus. The first new type to 
be discovered by this technique was the 


Particle Symbol Discovery Mass Se Remarks 
Electron . e- Cambridge 1897 1 Stable Can combine to 
e+ Pasadena 1932 Stable give a y-ray pair. 
Neutrino v° <I Never direct|ly observed 
Mu-meson Pasadena 1936-38} 209 2:2 x 10°¢ | ut > et + 2° 
» 209 2:2 x | + 2° 
pi-meson Bristol 1947 276 2 | 
Berkeley 1950 262 —> 2hy. Occasion- 
ally 
n° y + B++B- 
zeta-meson ‘ ‘ Bristol 1951 535 
» 8952 550 +n- 
Neutral V V.° Manchester 1947 | ~800 >10°° Vo +2- +? 
tau-meson T Bristol 1949 970 t£ rt +rt 
Charged V V+ Manchester 1947 | ~1000 V+ —>?+ + ?° 
Possibly identical 
with a kappa 
meson 
kappa-meson . K Bristol 1951 1079 K—>p + 2° + 2° 
chi-meson x 1450 + ?° 
Proton P+ Manchester 1911 1836 Stable , 
Neutron . N° Cambridge 1932 1836 12 mins. N°> P+ +e-+4+V 
Neutral V V,° Manchester 1951 | ~2200 | ~107° Vio > P+ 
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 gemeson of mass 276,! found at the Pic du 


Midi observatory (altitude 9,000 feet), 
and produced by a collision between a 


' qucleus and an incident proton in cosmic 


rayS. This is a particle which interacts 
srongly with nuclei, disintegrating any 
with which it may collide, but transform- 
ing into a y-meson and a neutral particle 
at the end of its free life. On the other 
hand, the w-meson, owing to its weak 
interaction with nuclei, can pass freely by 
them. ‘These facts were disturbing to the 
Yukawa theory which had no place for a 
weakly interacting meson, nor, indeed, 
fora whole range of transient particles. 

Reference to the modes of decay given 
later will show how important these two 
mesons are in the general scheme. Indeed, 
the discovery of the x + » — e transforma- 
tion, historically the first, was also pro- 
bably the most important in its influence 
on the research. Firstly, it brought into 
relief the special characteristics of different 
types of track, and the advantage of 
having a medium of high stopping power 
in the study of transient charged particles. 
Secondly, it provided data and experience 
used later in the study of many types of 
nuclear ‘ stars’ and in the detection and 
properties of the still heavier particles. 
Thirdly, a photograph of this event gives 
indirect though unequivocal evidence of 
the existence of the neutrino, a neutral 
particle of small mass, postulated before the 
war as an accompaniment to B decay, but 
never isolated. From the principle of con- 
servation of momentum, it is obvious 
that there must be a neutral particle 
ejected at the end of a z-track to balance 
the u-meson shooting off from the same 
spot. Owing to the range of velocities 
of electrons from the wp — e decay, at 
least two neutrinos are necessary in that 
transformation. Yet again, the result 
of introducing also the principle of con- 
servation of mass energy, illustrates how 
beautifully the stages of the event hang 
together to show that the rest mass of the 
neutrino is less than twice that of an 
electron and may even be zero. 

When nuclear disintegrations are caused 
by protons of relatively low energy, most 
of the fast secondary particles other than 
protons are m-mesons. At the extreme 


‘ Later 7-mesons were produced artificially in 
the Berkeley cyclo-synchrotron. 
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altitudes reached in balloon flights, high 
energy components of cosmic rays produce 
disintegrations in which the whole nucleus 
is violently disturbed. Accompanying the 
many nucleons evaporated in such processes 
are heavier mesons of several other types. 
The masses of these new bodies are still not 
known with any precision, but there is evi- 
dence of at least four particles, zeta-, tau-, 
kappa- and chi-mesons having separate 
identities and masses of the order of 530, 
970, 1070 and 1450 respectively. Of these 
kappa- and chi-mesons have not been 
observed when the incident particle has 
an energy less than 1-5 x 10% eV 
(15 BeV). Even this is far beyond the 
range available in the laboratory, so that 
it is possible that they will not be produced 
artificially, as m-mesons have been, for 
for some time to come. 

In the Table of mesons and V particles 
with their estimated masses, lifetimes and 
modes of decay, the proton, neutron and 
electron have been added for completeness. 
At first sight this table appears to present 
a picture of considerable complexity. But 
closer examination shows that some order 
is beginning to emerge. Thus the constant 
appearance of the z-meson as a product 
of decay is significant. The zeta-meson 
charged or neutral, appears to decay into 
two m-mesons ; the tau-meson into three 
m-mesons. The chi-meson decays into a 
m-meson, and a heavy neutral particle. 
I am informed that a search is now being 
made for the decay products of this neutral 
particle. ‘Tentatively, it is suggested that 
this may be a neutral tau-meson giving 
the reaction 


yt > nt 4+ rt + rt 472° 


There are still some outstanding difficul- 
ties, some of which may possibly be 
removed when more accurate data are 
available. It is, for instance, possible 
that a particle designated V is in some 
cases identical with one named differently 
by the Bristol group. 

In any case, a wealth of new information 
is arising from a study of these collisions of 
great energy, and some remarkable pheno- 
mena are now being recorded. ‘This is 
not the occasion to go into detail, but one 
example may be given in which an inci- 
dent particle of energy about 2 x 104 eV 
collides with a nucleus in a box of plates 
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at 85,000 feet. A widely spread star of 
tracks of 22 heavy nuclei so produced 
is accompanied by a narrow jet of 
76 particles following the direction of 
the primary. This jet can be followed 
through twenty successive emulsions in its 
passage through the whole box, with a 
secondary, tertiary and quaternary star 
en route, each initiated by a jet particle 
from the previous star. There is also 
evidence of the presence of high-speed 
neutral particles in the body of the 
jet. 
We have thus come to realise that the 
stable forms of matter, protons and elec- 
trons which make up our familiar world, 
are only a small part of the variety of 
forms that matter can take. In the 
search for a theoretical explanation of the 
processes, the clues may already exist 
unrecognised in present data, or more 
surprises may yet be in store in the study 
of these events. Meanwhile the facts 
accumulate. 

I recall that when I was recorder of 
Section A_ twenty-three years ago, I 
asked Lord Rutherford if he would give a 
general talk on the trends of modern 
physics. It was at a time when theorists 
were using the new ideas of wave mech- 
anics with great effect. He refused, with 
the remark ‘There is nothing to say, 
except that the theoretical physicists 
have got their tails up and it is time that 
we experimenters took them down.’ It 
would have pleased him to find that today 
in the field that he did so much to create, 
the tables are turned, at least for a spell. 

In concluding this survey, it is grati- 
fying to recall that of the eight to ten 
transient new particles which have been 
discovered since the war, all but one have 
been found by experimental workers in 
the laboratories of Great Britain. 


In stressing the fruitfulness of our tradi- 
tional national approach to problems in 
experimental physics, it is not my wish to 
exaggerate. Science knows no boundaries, 
or should not ; and many nations con- 
tribute, each by methods which may in 
their own way be equally traditional. But 
I believe that we can still take great pride 
in our continuing contributions to the 
subject, and there is something to be said 


for emphasising them at a time when jp 
some other respects we no longer hold the 
position that we did in world affairs, 
On the other hand, I have little belie 
in the importance of trying to establish 


claims to priority whether national or} 
It is often the circumstance } 


individual. 
in which a discovery is made that deter. 
mine whether any use is made of it ; two 
independent discoveries of the same fact 


may therefore suffer very different fates, f 


So, in mentioning individual name, 
I have just thought of them as men who 
by simple means have had a profound 
influence as pioneering leaders in a given 
field to which others have also contributed, 

But having said this, I also feel that, in 
changing circumstances, it is important 
for us to preserve conditions of work and 
training favourable to the development of 
these national qualities in those at the 
threshold of their careers. 

Fifty or more years ago the manipula. 
tive versatility of many of our physicists 
often evoked surprised comment from 
continental visitors more dependent upon 
aid from technicians than we were. Many 
of us learnt with varying degrees of 
success to be our own carpenter, metal 
worker and glassblower in the simpler 
tasks. But today technicians are fre- 
quently available and material equip- 
ment more lavishly supplied to speed the 
progress of research. On the other hand, 
at the undergraduate level the _intro- 
duction into the subject of new princ- 
ples—relativity, quantum theory, wave 
mechanics, and the like—has increased 
the scope of the theoretical background 
necessary to a physicist, and has presented 
problems to the teacher in preserving a 
proper balance between theory and ex- 
periment without damping the ardour 
of the practically minded young man. 

It would be a platitude to say that 
training in the subject should be such as 
to stifle neither an Einstein nor a Faraday : 
and I do not feel that any danger lies 
there. Some time ago a friend said to 
me ‘We don’t train a Vernon Boys 
nowadays’ ; one who was said to have 


personally worked and fashioned every [ 
Here I think | 
the answer is that we never did. ‘To such | 


material known to man. 


a person the door of a university is still 
wide open and he will find no conditions 
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which he cannot surmount in the exercise 


of his genius. 


The group that I have in mind is a 
much larger one, but at the same time 


' containing many of promise in construc- 


tive ability. Im my young days few of 


these ever entered the profession of 


physicist, because neither industry nor 
the civil service employed them ; and 
university and even school appointments 
were relatively few in number. I refer 
to the group that mostly remain in the 
university for an additional two or three 
years in pursuit of a Ph.D. degree. 
Nowadays the success of many a research 
project, particularly in these days of 
increasing team-work, will depend enor- 
mously on the degree of initiative and 
resource that these men can show, when 
closely concerned with the details of the 
work. Indeed, there may also be others 
apparently less able, in whom dormant 
faculties may be awakened by stimulus 
coming from without, and to which in 


' my experience they are often specially 


sensitive. 

For these men the type of experience 
that they acquire in the Ph.D. course may 
be of vital consequence. In most cases 


at the time of embarking upon it, only 


three years have elapsed since sixth form 
work at school. If, therefore, in pro- 
secuting research a student spends much 
of his time in collecting new data by an 
established technique with standard equip- 
ment, he may publish papers and write 
an impeccable informative Ph.D. thesis 
and yet fail in the end to be a trained 
physicist in the best sense of the word. 
Though one has some sympathy with his 
supervisor in using him as a research 
assistant on a project profitable in scien- 
tific results, it should be remembered in 
the national interest that slickness in a 
particular technique does not necessarily 
raise a man above the skilled artisan in his 
ultimate usefulness, to be paid for in wages 
from an industrial or a public purse. 

It is obvious that all possible technical 
assistance should be given to fully trained 
men, so that their work can progress at 
maximum speed. On the other hand, I 
would plead that young post-graduate 
students, if no longer dependent upon 
their own efforts at the lathe or blowpipe, 
should still be so trained as to be able to 
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design an apparatus on sound mechanical 
lines and follow it intelligently through 
the various stages of workshop practice. 

It is sometimes easier to buy a new 
piece of expensive apparatus than to 
think. It was from the presidential chair 
of a previous meeting that I learnt of the 
charwoman, who, complimented by her 
mistress on the clever way in which she 
had surmounted some difficulty, said 
‘Well, it’s like this, Mum, if you ’aven’t ’ad 
education, you’ve just got to use your 
brains.’ So a spur to the development of 
ingenuity should be preserved for the 
young physicist in these formative years. 

It is, on the other hand, true that the 
modern range of technical knowledge in 
either theory or experiment calls for a 
degree of specialisation not necessary to 
Stokes, Maxwell or Rayleigh, whose equal 
facility in either sphere we are not likely 
to repeat today. For that reason the 
recent growth of theoretical research 
schools in close association with experi- 
mental teams is to be wholeheartedly 
welcomed. Judging from the titles of 
their posts, it seems a matter of accident 
whether these men are called applied 
mathematicians or theoretical physicists. 
Some would say that in any case they are 
one and the same, except that the former 
work on hydrodynamics and the latter on 
solid or nuclear physics. My own view 
is that a true association of theorists and 
experimenters in close contact gives to 
the theorist a method of approach which is 
physical in conception rather than mathe- 
matical. 

Horace Lamb in Cambridge in 1904 
spoke of his delight in watching Stokes’ 
optical demonstrations, but added that 
at the time he thought it a little un- 
necessary to show practically that the 
height of the lecture room could be 
measured by the barometer, or to verify 
the calculated period of oscillation of 
water in a tank by actually timing the 
waves. I would say that this was not the 
standpoint of a physicist but of a mathe- 
matician. Still less would I wish to claim 
for my profession a young man of my 
acquaintance who, invited to acquaint 
himself with the contents of an elementary 
laboratory course, criticised the inclusion 
of the simple pendulum experiment. He 
said that he had looked up Kaye and 
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Laby’s tables and found that the value of 
g was 981-17. He could not see how the 
student could be expected to improve on 
this value with the apparatus available ! 

Finally, it must be accepted that some 
measure of central planning of research 
has come to stay, if only with a view to 
preventing duplication in fields of heavy 
expenditure. But the inception of a new 
research is usually the effort of an indi- 
vidual even though it may lead to team 
work. It may indeed arise as a bright 
idea in the mind of a young man not yet 
established in reputation. Its ultimate 
direction will never be inspired unless 
it is in the hands of men following their 
noses on the job. Indeed, its very pro- 
gress may depend upon some observation 
of stray occurrence made in this way. I 
am therefore conscious of the dangers 
of central financial control of research 
projects by panels of experts in given 
fields. It must be realised that they will 
not be supermen but ordinary human 
beings meeting in an office, having their 
own, and may be preconceived, views on 
what is important. For instance, from 
opinions expressed to me at the time, I 
am confident that no such body would 
have voted funds from the public purse in 
1938 to enable a newcomer into the field 
of nuclear physics to reopen the study of 
particle tracks in emulsions. 

Again, the establishment of special 
research institutes each confined to certain 
fields of work no doubt has certain ad- 
vantages ; a project should not thus 


suffer from lack of resources. Indeed 
research laboratories associated with par. 
ticular industries are naturally organise 
on this basis. But in the one laboratory 
that I have directed, I always resisted the 
temptation to concentrate the resource 
in one field, and I believe that the Wil 
Laboratory in Bristol has in no way 
suffered from the versatility of its interests, 

Rutherford once explained in a letter to 
the Philosophical Magazine how as a young 
man he was led to investigate the ionisa. 
tion method of studying radioactive radia. 
tions. It arose, he said, because at 
Cambridge the supply of radioactive 
material was too meagre for the standard 
method of photographic blackening to be 
applied. Being Rutherford, had he gone 
to Paris, where the necessary facilities were 
to be found, he might still have blazed a 
trail, even though a different one and notin 
Cambridge. But the story emphasises an 
aspect of research which any co-ordinating 
plan must at all costs safeguard, and it 
will have to be an intelligent one to do so, 

In speaking of our national tradition in 
experimental physics, I have indicated 
certain pitfalls to be avoided, if it is to be 
maintained. The details of any practical 
policy must be the responsibility of younger 
men. Indeed, the leaders in any field of 
scientific exploration must always _ have 
the vigour and initiative of relative youth. 
In them I put my trust, provided that 
they feel that they also can learn some- 
thing from the past that I remember.! 

1 Delivered Sept. 4, 1952. 
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THE ADVANCING FRONT OF CHEMISTRY 


Address by 
Pror. W. WARDLAW, C.B.E. 


PRESIDENT OF SECTION B 


SoMz wise man once said that men more 
frequently need to be reminded than 
informed. I do not hope or expect today 
to tell you what you do not know or to 
speak of anything outside the range of 
reflections which at one time or another 
have been familiar to most of us. Further, 
Iam fully mindful that a Presidential 
Address must, from its very nature, present 
amere outline of a topic. 

In his British History of the Nineteenth 
Century G. M. Trevelyan has stated that : 


‘During the last 150 years the rate of 
progress in man’s command over nature 
has been ten times as fast as in the period 
between Caesar and Napoleon and one 
hundred times as fast as in the slow pre- 
historic ages. Tens of thousands of 
years divide man’s first use of fire from 
his first application of it to iron... 
the art of writing preceded the printing 
press by tens of centuries. In those days 
each great invention was granted a 
lease of many ages in which to foster its 
own characteristic civilisation before it 
was submerged by the next. But in our 
day, inventions, each implying a revolu- 
tion in the habits of man, follow each 
other as thick as the falling leaves.’ 


Briefly, the pace of scientific, social and 
economic changes in modern times is un- 
precedentedly rapid. It is easy to under- 
stand why the pace of our science of 
chemistry is growing ever faster and faster. 
In the last quarter of a century the 
number of investigators in both pure and 
applied chemistry has enormously in- 
creased, whilst research itself is more 
adequately financed and to some extent 
better organised than ever before. It is 
tempting but not very profitable to try 
and imagine what will have been accom- 
plished, say fifty years hence, if this 


acceleration continues. Many have in- 
dulged in speculations on the intellectual 
reactions which the great pace of the ad- 
vancing front of science may involve. It 
has been suggested that life may not be 
long enough for the would-be investigator 
so to store his mind as to reach the growing 
frontier where his work should begin. 
Again, chemists may well consider that 
the pace of advance may be such that 
no human mind will be able to correlate 
into any significant whole the enormous 
accumulation of chemical facts. Yet I 
believe that man’s curiosity about the 
universe and his own complex self 
will increase and that the astonishing 
growth of our science of chemistry will 
continue. 

Chemistry has been defined as the 
science of substances—their structure, 
their properties and the reactions that 
change them into other substances. Fora 
long time the story of chemistry was a 
record of the study of up to 92 chemical 
elements and their compounds. The 
26 letters of the alphabet can be combined 
into hundreds of thousands of words each 
with a different meaning. What then are 
the potentialities before the chemist with 
some 92 elements at his command ? 
Nevertheless, at intervals during the last 
half-century prophets have confidently 
predicted the demise of inorganic chem- 
istry and even of organic chemistry. Chem- 
istry however, has confounded the prophets 
by its amazing vitality. The award of 
the Nobel Prize for chemistry for 1951 to 
E. M. McMillan and T. Seaborg directed 
the attention of the whole scientific world 
to the most spectacular advance made in 
chemistry for a long time: the extension 
of the Periodic System from element 92, 
uranium, to element 98, californium. 
Elements heavier than uranium could 
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not be found in nature and speculations 
about their possible existence were freely 
made. In 1934 Enrico Fermi and his col- 
laborators in Rome placed a small piece 
of radium and beryllium against some 
oxide of uranium. Some of the neutrons 
emitted from the radium-beryllium source 
were lodged in nuclei of uranium atoms 
and as the new form of uranium had a 
B ray emission Fermi thought he had 
produced an element higher up in the 
Periodic Table. These researches were 
continued in Paris and Berlin and for 
several years it was believed that four or 
five successive transuranium elements 
could be synthesised by this simple 
method. In 1938 and 1939 the work of 
O. Hahn, F. Strassmann and Lise Meitner 
disclosed that scientists had not been 
creating new elements after all—instead 
they had been splitting uranium into two 
parts. The first real transuranium 
element, number 93, was discovered by 
E. M. McMillan and P. Abelson early in 
1940 and from then on, progress was rapid. 
With the help of powerful cyclotrons and 
the newly constructed uranium piles, a 
large team of workers concentrated on 
the task of producing new elements and 
Seaborg and his co-workers have identi- 
fied elements 93, 94, 95, 96, 97 and 98, 
and much has been learned of the chem- 
istry of these transuranium elements. It 
is natural to ask, will other transuranium 
elements be identified and the table 
extended beyond 98? Drs. Seaborg and 
McMillan think so. Further, they feel 
they can predict the chemical proper- 
ties of these elements of the future. 
Particularly important in this work was 
the development of ultra-microchemical 
methods of analysis which enabled the 
chemistry of the transuranium elements, 
usually available in millionths of a gram, 
to be investigated. The combined dis- 
coveries of the physicist McMillan and the 
chemist Seaborg and their associates have 
opened whole new fields for the investi- 
gator interested in the realm of inorganic 
chemistry. ‘These results were made pos- 
sible by a type of research organisation 
which nowhere has been brought to such 
perfection as in the big scientific labora- 
tories of the United States. Ample means 
were placed at the disposal of the investi- 
gators in view of the great practical 


importance of the results to the atom 
energy project. 

Chemistry already has made an indj. 
pensable contribution to atomic ener 
research and development and chenmis; 
will fill a major role in establishing nucley 
power as a benefit to humanity. The ney 
phase in the development of atom 
power probably depends more on ney 
materials than on any discovery in nucleg 
physics or improvement in atomic tech. 
nology. This extension of technologicd 
interest in new metals, all over the world 
is bound to emphasise the need fy 
broadening our knowledge of both the 
familiar and unfamiliar elements and 
compounds. It is surprising how littk 
we know about many of the chemical 
elements, even the metals. We know stil 
less about certain elements which lie mid. 
way between the metals and the non. 
metals, the so-called metalloids. A host 
of new researches have been set in motion 
primarily by the needs of the atomic 
energy programme. However, the results 
may well be the starting-points of new 
developments in every phase of industry. 

In the U.S.A. there is a great revival 
of interest in inorganic chemistry and in 
this country there are signs that its value 
and importance are being increasingly 
realised. The development of inorganic 
chemistry has been handicapped in the 
past by a lack of appreciation of its con- 
tent and a misunderstanding of the place 
of technique in science. The essence o 
the several branches of chemistry lies in 
their objectives and not in their techniques. 
Whilst the content of organic chemistry 
as the chemistry of carbon is generally 
accepted, many who should know better, 
regard the distinction between physical 
and inorganic chemistry as implying the 
distinction between a quantitative and 4 
descriptive approach. I take the essential 
character of physical chemistry to be the 
investigation of general laws and universd 
phenomena, whilst inorganic chemistry % 
the study of all that is specific to each d 
the elements and their several combin« 
tions each with one another. If one maj 
judge by his new book The Structure 
Physical Chemistry, Sir Cyril Hinshelwood 
shares this view-point, for he does nod 
introduce particular chemical species 
reaction mechanisms into the discussio! 
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yntii the latest possible stage. It is 
evident that the same problem can fre- 
quently be regarded either as physical or 
inorganic chemistry according to the aim 
in view. The kinetics of the hydrogen- 
halogen reaction is properly described as 
hysical chemistry if the interest lies 
primarily in general reaction mechanisms 
and kinetic and _ statistical mechanical 
theory. If the interest lies in compar- 
ing the energetics and specific reaction 
mechanisms of the different halogens it is 
esentially inorganic chemistry. From this 
standpoint there is more inorganic work 
being done in British Universities than 
would appear at first sight. However, 

ter interest will undoubtedly be 
kindled in this branch of our science by 
the march of events in the industrial 
world. 

The contribution of chemistry to the 
development of atomic energy is not 
aways fully appreciated. Because of the 
physical principles involved it is sometimes 
aid that atomic power is principally the 
concern of physicists. Obviously anyone 
concerned with this field of work should 
be familiar with the basic facts of nuclear 
physics. However, it may be stated quite 
fairly that the economic future of atomic 
energy calls for the close association of 
scientists and engineers and that the réle 
of the chemist is a vital one. Amongst 
the problems which arise in inorganic and 
physical chemistry are those concerned 
with the behaviour of solid and liquid 
inorganic salts and metals at high tem- 
peratures. Of primary interest is the 
solution chemistry of many inorganic ions 
and complexes, whilst the effect of radia- 
tion on various kinds of liquids, solids and 
wlutions poses problems of great com- 
plexity. Basic studies of corrosion pheno- 
mena are of considerable importance, 
whilst the search for new materials for 
onstructional purposes is imperative. 
Most of the elements have been surveyed 
fr their neutron absorption and as a 
tsult special attention has been focused 
wn the chemistry and metallurgy of 
beryllium, zirconium and other metals 
and alloys. It will be apparent that in 
pressing ahead for practical results it has 
ben necessary to forego much funda- 
mental work. In due course it will be 
desirable to fill in the scientific back- 
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ground. These few remarks indicate the 
range of problems confronting the chemist 
who finds in the advancement of know- 
ledge an engrossing adventure. 

A question of great general interest at 
the present time is how far are we entitled 
to visualise the peaceful development of 
atomic energy in the twentieth century. 
Scientists and engineers have expressed 
their views on this matter, but a recent 
article in The Three Banks Review by Pro- 
fessor R. S. Sayers, Professor of Economics 
in the University of London, calls for 
special study. He expresses the opinion 
that the possibilities of peaceful exploita- 
tion are not fantastically speculative if we 
confine our view to the next generation 
or so. For example, if coal prices rise 
relative to engineering costs the date at 
which atomic furnaces are an economical 
proposition is brought nearer. Secondly, 
the cost of constructing plant of this new 
kind is highly relevant. It is apparent 
that an advantage lies with countries 
that from war or post-war experience 
have the ‘know how.’ This advantage 
is exceptionally weighty because of the 
complete novelty of the engineering 
problems. It is frequently stated that on 
account of the difficulty of these problems, 
costs must be far too great for any com- 
mercial development to be envisaged and 
reference is made to the astronomical 
sums spent on atomic bomb development 
during the war. This ignores the fact that 
in the haste to get results in time to affect 
the.issue of the last war, every practicable 
method was explored simultaneously and 
this raised the cost to a fantastic figure. 
In normal times in developing a new idea 
for peaceful purposes only the most pro- 
mising of a variety of possible processes 
are followed up. Finally, there is the 
‘wear and tear’ or depreciation charge 
and the rate of interest. The deprecia- 
tion charge will depend on the success 
with which the constructional problems 
are solved, particularly whether the new 
constructional materials stand up to the 
radioactive substances involved. The 
interest charge should be governed by the 
scarcity of capital in the community. To 
sum up, Professor Sayers contends that 
development within the next generation 
is going to depend on three factors—the 
success of the search for new materials of 
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construction, the relative price of coal and 
other fuels, and the rate of interest. In 
fact ‘a capital hungry world will not be 
able to afford atomic energy. But a 
world in which thrift abounds and coal 
miners are rare birds will jump at it.’ 

It has been mentioned that the less 
common metals are assuming increasing 
importance, but the use of many of them in 
industry must be severely curtailed by the 
limited supplies available. Actually it is 
a vicious circle. New ideas are not de- 
veloped because of the shortage of the 
element, and at the same time it does not 
appear worth while to develop methods 
for increasing supplies when uses are not 
apparent. In the search for new metals 
the vacuum induction furnace has played 
a major role. By this technique the 
preparation and melting of metals can be 
carried out free from oxygen, nitrogen or 
carbon and without contact with ceramic 
crucibles. The reduction of the iodide 
of a metal in vacuo, developed experi- 
mentally some twenty-five years ago, is 
being applied on a large scale to yield very 
pure metals. The reduction of the tetra- 
chloride by liquid magnesium has pro- 
duced tons of titanium and zirconium, 
two of the most difficult metals to pre- 
pare. The more optimistic predictions for 
titanium as a high temperature material 
failed to be realised but, titanium continues 
to find favour as a metal of exceptional 
promise in aircraft, marine and armament 
work. Zirconium is entering a new era. 
The outstanding property is its excellent 
corrosion resistance, whilst its very small 
affinity for neutrons commends its use as 
a structural material in atomic power 
plants. The carbides of both titanium 
and zirconium are also in the news. The 
first is proving suitable for jet engine 
applications whilst the second is of interest 
as a source of zirconium tetrachloride for 
the production of zirconium metal. Both 
titanium and zirconium appear to have 
a future in important alloys which can be 
made by arc melting in argon or helium 
atmospheres. Interest is maintained in 
mixtures of refractory metals and oxides 
such, for example, as titanium and 
alumina. It is said that such mixtures 
withstand higher temperatures than are 
possible for the metal alone. Amongst 
the special oxide refractories are zirconia 
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the accelerated rate at which research j 
being carried out results of great impor. 
ance will emerge in this field of the ley 
known metals. It is significant that jj 
the U.S.A., quite recently, industry got it 
first chance to see pure hafnium met 
Hafnium is always present as an impurity 
in zircon sand which is used as a soure 
of zirconium. A development of th 
utmost importance concerns the rar 
element germanium, whose existence wa 
predicted by Mendeléeff in 1871 befor 
its discovery in 1886. In 1948 the Bel 
Telephone Laboratories in the USA 
produced a crystal triode—a germanium 
crystal with two cat’s-whiskers spaced « 
hairbreadth apart on its surface—whic 
when incorporated in a valveless radi 
receiver operated a loudspeaker. Fev 
could have foreseen that when the ear\ 
cats’s-whisker and crystal wireless set wa 
superseded by the modern sets using 
thermionic valves that the crystal would 
again become the focal point of develop. 
ment. With investigations proceeding » 
rapidly it is difficult to foresee the ful 
implications of this valuable discovery of 
1948. However, this new situation call 
for supplies of germanium, and hitherto 
germanium has been difficult to obtain. 
A British firm has recently perfected a 
commercial process for the extraction of 
germanium from flue dust and it is hoped 
that this country will be independent o 
imported supplies. The story behind this 
development is a fascinating one. Some 
years ago Professor Goldschmidt, a Nor- 
wegian scientist, in the course of his geo- 
chemical research, examined a piece df 
British coal spectrographically and found 
it contained an unusually high percentage 
of germanium, much of which remained 
in the ash. Further search revealed that 
it came from Hartley Colliery, near New 
castle-upon-Tyne, most of whose coal wa 
found to contain recoverable quantitie 
of both gallium and germanium. My old 
friend, the late Sir Gilbert Morgan, a 
that time Director of the Chemical Re 
search Laboratory, Teddington, was able 
to establish that the germanium conten! 
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varied according to the source of the coal 
and that the greatest concentration of this 
element occurred in the dust deposited in 
the flues of gas-works producer plants. 
Upon these observations the new process 
is founded. 

It must not be inferred that the rarer 
eements are the only elements which are 
commanding special attention at the 
present time. Recently at _Liége in 
Belgium nine countries including Britain 
co-operated in the design, construction 
and trial of a new type of blast-furnace, 
which will run on pure oxygen instead of 
air. Behind this idea lies the possibility 
of a revolution in iron and steel-making. 
In practice much will depend on the 
feasibility of making cheap oxygen in great 
tonnage. Silicon, which occurs widely 
in nature is much in the news nowadays. 
Industry is interested in at least three 
groups of silicon compounds, the silica 
sols, silicon esters and silicones. The 
silicones represent an important range of 
compounds which since 1943 have been 
prominent in industrial practice. The 
production of silicones in Great Britain 
has hitherto been comparatively small, 
but supplies will be much greater in the 
future, and this will promote the wider use 
of these extremely useful substances. 
One of their most important properties is 
their water repellancy. A valuable char- 
acteristic of a silicone film is that it is 
chemically inert and does not deteriorate 
on prolonged exposure to moisture, sun- 
light and weathering. These properties 
are utilised by incorporating silicones in 
automobile and furniture polishes and in 
the waterproofing treatment for nylon 
and other fabrics. ‘The simplest silicones 
are the methyl silicones, which may exist 
as oils, resins and rubbers. Resinous 
silicones have excellent dielectric proper- 
ties and are used for electrical insulation. 
They are stable at temperatures at which 
the usual organic insulating materials 
decompose rapidly. Silicone rubber may 
be used for electrical insulation and for 
other purposes for which rubber is’ re- 
quired, especially at elevated temperatures. 
It will be evident that the chemist has 
evolved a group of substances with en- 
urely novel properties which are proving 
most valuable in many ways. Historically 
itis of great interest to recall that the 
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foundations of organosilicon chemistry 
were laid by the researches of Professor 
F. S. Kipping at the University College, 
Nottingham (now the University of 
Nottingham). Over the period 1899- 
1944 he demonstrated the wide range and 
variety of these compounds. However, 
the full implications of his work were not 
generally realised and it was only during 
the Second World War that the value of 
organosilicon compounds became fully 
apparent, largely as an outcome of investi- 
gations by American chemists. 

Again, there are few known elements 
which have not been used in attempts to 
make fluorescent materials. ‘The largest 
consumer of these fluorescent substances 
or phosphors is the fluorescent lamp. The 
world production of these lamps is now 
at least 100 millions annually, demanding 
tons of phosphors of the highest purity. 
Some of the best-known phosphors have 
their prototypes in natural minerals but 
there is still much to discover and explain 
about these remarkable materials. In 
this field of work the active co-operation 
of the inorganic chemist, the physical 
chemist and the physicist continues to 
extend our knowledge of chemical sub- 
stances which about twenty-five years 
ago were laboratory curiosities and are 
now made on an industrial scale. In 
recent years, developments have _pro- 
ceeded with great rapidity in the field 
of fluorine chemistry. The preparation of 
fluorine by Moissan in 1886 solved one of 
the major problems in chemistry at that 
time and between the years 1900-1925 
the brilliant Belgian chemist, Swarts, laid 
the foundation of organic fluorine chem- 
istry. During the past twenty years, 
workers both at home and abroad have 
developed methods for the controlled 
interaction of fluorine and organic com- 
pounds. This has given that remarkable 
category of compounds, the fluorocarbons. 
A detailed study of CF,Cl, has shown 
that it is non-toxic, non-corrosive, non- 
inflammable, has no odour and is not 
absorbed by foodstuffs, etc. Such com- 
pounds—the Freons—are used extensively 
in the United States in air-conditioning 
and refrigeration and commercially are 
the most important group of organic 
fluorine compounds. Research in this 
subject is very active and the results 
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indicate that fluorine chemistry has a 
bright future. 

I have mentioned some of the directions 
in which developments are expected in 
the field of inorganic chemistry. Organic 
chemistry has been characterised by re- 
markable achievements in the chemistry 
of natural products and_ biologically 
active synthetic compounds and by signifi- 
cant advances made in our understanding 
of the reactions of organic compounds. 
Possibly the most romantic chapter in the 
last fifty years has been that concerned 
with the unfolding of the story of the 
vitamins. Probably all the important 
vitamins have been recognised and most 
of them prepared synthetically. Indeed 
several are available commercially. My 
colleague, Dr. D. H. R. Barton, will later 
in this session deal with the advancing 
front of this great branch of chemistry— 
organic chemistry. 

Detailed final results of the 1948 Census 
of Production are now becoming available 
and the preliminary examination discloses 
an illuminating picture of the changing 
structure of British industry. The census 
has confirmed great changes in the relative 
importance of the various industry groups. 
A shift in productive resources and out- 
puts from industries, such as mining and 
textiles, towards engineering, vehicles and 
chemicals is clearly revealed. This is 
no new phenomenon for it has gone on 
at least since the beginning of this cen- 
tury and has been an important factor in 
the industrial progress of Britain. The 
growth of the chemical industry is spec- 
tacular. The industry owes its existence 
to research and development whilst its 
growth has been promoted through new 
markets and the introduction of new pro- 
ducts. By starting with a comparatively 
few substances and combining these into 
various forms, an ever-increasing range 
of new products, useful for countless pur- 
poses, have been made available. People 
frequently misinterpret the term ‘ syn- 
thetic.” They consider it means artificial 
and therefore inferior. Actually, when 
naturally occurring substances are dupli- 
cated by synthesis the justification is 
higher purities and lower costs. Synthesis 
very frequently leads to products with 
unique properties having natural 
counterpart. Synthetic fibres, for in- 
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stance, have made us independent gf 
certain natural fibres and have wideng} 


the choice of clothing and fabrics. yp. 
thetic resins are supplementing metals jy 
hundreds of different ways. Synthesis ha 
made possible the thousand and one ney 
chemicals in common use today and wil 
make more available in the future. Th 
chemical industry is, of course, not one 
industry but literally thousands of specialis 


industries, differing in the details of thf 


processes and problems of manufactur 
yet linked by the fact that they are al 
based on the science of chemistry. It ha 
been a spearhead in the drive for expors 
and particularly in the groups of drug, 
medicinals, dyes, fertilisers and alkalie, 
This industry faces lively and exciting 
competition in the world chemical market, 
but intensive research, manufacture of 
new products, the use of improved methods 
as well as a vast programme of recon 
struction and expansion, should give ita 
powerful position. Incidentally, there are 
many voices raised today to impress on 
us the importance, the prime importance, 
of chemistry to industry, agriculture, 
medicine and defence. It is most desirable 
that this should be said and said often. 
There is a real danger, however, that the 
practical applications of chemistry rather 
than its theoretical principles and funda- 
mental discoveries should be uppermost 
in our esteem. Perhaps this is traditional. 
Alchemy was a very utilitarian pursuit of 
the elixir of life whereby age and death 
might be defeated and of the ‘ philosopher's 
stone’? which would transmute the ele- 
ments into gold. No one can say what 
useful practical device may ultimately 
come from discoveries made purely in the 
pursuit of knowledge. Applied scienct 
draws its life-blood from pure science. 
Although we may be fascinated by applied 
science it must never weaken our allegiance 
to pure science. 
I should like now to refer to a special 
aspect of the advancing front of chemistry. 
Mr. Winston Churchill put food first, in 
schemes for a better post-war world. 
During the past decade, however, most 
people have had an uneasy feeling that 
all is not well with their food. As ont 
authority expresses it ‘ Between the scien 
tist and the bureaucrat eating has lost 
much of its pleasure and nearly all of it 
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yste’ A few months ago Dr. Magnus 
ke, who used to be Principal Scientific 
Officer (Nutrition) in the Ministry of 
food, wrote a lucid account of what is 
done to the food which the townsman eats 
today. In Townsman’s Food Dr. Pyke 
gives some surprising and enlightening 
information about the chemical pro- 
cesses which are used to preserve or 
‘improve ’ food (the inverted commas are 
Dr. Pyke’s own). For example, we are 
told that it is considered that the increased 
amount of phytic acid in high extraction 
four reduces the human intake of calcium. 
Therefore, 14 oz. of chalk are added to 
each 280 Ib. sack of flour to balance this 
loss. Incidentally this action has caused 
a shortage of the substance used for 
whitening ceilings. Again we are in- 
formed that flour from reasonably clean, 
new-crop wheat contains up to 18 mouse 
hairs per lb. ; flour from good quality 
old-crop wheat contains up to 180 per Ib. 
Equally alarming is the widespread 
adulteration of food. The meat content 
of galantine and luncheon sausage need 
be no higher than 30 per cent. ‘ Fresh 
fruit standard ’ jam contains only 20 per 
cent. of strawberries or 30 per cent. of 
raspberries. ‘Full fruit standard’ jam 
is an artificially dyed product manu- 
factured from a sulphur-dioxide preserved 
pulp. ‘ Processed’ peas are hard dried 
peas, taken from store, cooked and dyed 
green. ‘Fresh eggs’ may have been in 
store for nine months. It is salutary that 
the layman should realise the price he 
pays for his varied diet. 

As we all know, the food processor has 
chemicals for every need—preservatives, 
emulsifiers, colouring agents, flavours of 
all kinds, flour ‘ improvers,’ anti-staling 
and anti-rancidity agents, sweetening 
agents, anti-oxidants and _  antiseptics. 
Some idea of the magnitude of this prob- 
lem of chemicals in food can be obtained 
from the report of the Delaney Committee 
which was set up in June 1950 by the 
United States Congress. It was given the 
task of assessing the dangers to public 
health arising from the increasing use of 
chemical substances in food manufacture 
and from the presence in foods of residues 
from the pesticides now widely employed 
i agriculture. The Committee heard 
the striking evidence from the officers of 
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the Food and Drug Administration, that 
704 extraneous substances were thought 
to be in use. Of these, only 428 were 
considered harmless as normally employed, 
leaving 276 of which the safety was open 
to question. Consideration was given 
not only to those substances which are 
added to foods to produce some desired 
effect but also to those compounds which 
may become associated with foodstuffs by 
accident. Examples are pesticides such 
as D.D.T. which may adhere to crops and 
find their way into foodstuffs. Experi- 
ments were described which demonstrated 
that D.D.T. appeared in the flesh of 
chickens, cows and sheep which had eaten 
crops sprayed with the pesticide. It was 
present also in eggs and milk. Other 
pesticides are even more highly toxic. 
There is now a substantial body of 
opinion in the United States which favours 
legislation to deal with the various prob- 
lems outlined above and this proposal is 
supported by members of the medical 
profession and others working in the fields 
of biochemistry and nutrition. 

To appreciate the full significance of 
this problem of chemicals in food it is 
necessary to examine the background. 
During the last fifty years there has been 
a gradual decrease in home preparation 
and cooking of food. At one time it was 
usual for most food to be prepared and 
cooked in the house. This no longer 
applies. In fact, nowadays, a great in- 
dustry has been created which guarantees 
a steady supply of fruits, vegetables and 
processed products and is founded on dis- 
coveries made in chemistry, biology and 
engineering. Moreover there is every 
indication that large-scale preparation, 
processing and cooking of food will 
increase throughout the world. 

Both in this country and in the United 
States the legislature has expressed con- 
cern at the position. C. A. Adams has 
pointed out that ‘if we cast our thoughts 
back to the work of the Committee on 
which our present Preservatives Regula- 
tions are based, it will be remembered 
that the basic philosophy was that chemical 
substances should not ordinarily be added 
to food. As a corollary it followed that 
when chemicals were added their number 
should be limited to those fully justified 
by doing a useful job and even then 
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the quantity used should be controlled.’ 
Perhaps the greatest controversy has 
arisen over flour. Mellanby showed some 
five or six years ago that flour with 
nitrogen trichloride as an ‘ improver’ 
was toxic to dogs and caused running fits. 
Rats, guinea-pigs and monkeys, however, 
were found to be immune and studies in 
human subjects have also established that 
man is unaffected by agenised flour. It 
is wise, however, to be on the safe side and 
this policy has been adopted by eliminat- 
ing nitrogen trichloride from flour treat- 
ment. Everybody has heard of surface 
active agents but perhaps their use in food 
is not always clear. Essentially they are 
compounds which reduce the surface 
tension between oil/water interfaces or 
between a liquid and a solid. Accordingly 
they find applications in the bakery and 
confectionery trades, in cakes, buns, ice- 
cream, salad cream and numerous other 
products. Some of these substances are 
used as fat-extenders and it is claimed that 
by the use of a small proportion of them 
as much as 50 per cent. of the normal 
amount of fat required for a food can 
be saved. Two materials of this type 
have been the subject of some argument 
—polyoxyethylene stearate and glyceryl 
monostearate. Polyoxyethylene stearate 
has been used in the making of bread and 
confectionery and whilst it is found to be 
non-toxic in acute and chronic tests, 
rather large doses may give rise to 
diarrhoea. It has been suggested, there- 
fore, the possible effects of the chemical on 
gastro-intestinal function should be more 
extensively investigated. The effects of 
glyceryl monostearate have not as yet been 
extensively studied and whilst the avail- 
able evidence suggests it is essentially a 
non-toxic substance, wider confirmation 
of this view is very desirable. 

There is little doubt that the wide 
publicity which this subject is receiving 
will call for planned administrative action 
in this country. Perhaps it would be of 
interest to quote from the Fourth Annual 
Report of the Advisory Council on 
Scientific Policy. ‘The risk to life and 
health due to the presence of toxic sub- 
stances in consumer goods is probably 
small, but the rapid growth of the chemical 
industry and the needs of the food- 
processing industries for substances to 


replace scarce materials or chemical syb. 
stances which have a claim to use on thei 
own merits as improvers of the appearance 


palatability or texture of manufactured } 


foods, are accelerating the pace at which 
new chemical substances are being intro. 
duced into consumer products and the 
machinery which exists for testing the 
possible harmful effects of these substances 
is inadequate.’ 

From my Address today some may feel 
that even if chemistry has given with one 
hand it has taken away with the other. 
The answer, of course, is not to cancel 
out the magnificent discoveries I haye 
spoken about but to go forward to still 
greater achievements which may lead to 
readjustment. Not all such achievements 
can be realised in scientific establishments, 
Some must be the outcome of investiga. 
tions by the economist, some by the social 
scientists and some by the legislator, 
Actually, chemists and chemistry have 
never enjoyed the whole-hearted approval 
of people everywhere. As human beings, 
the chemists are much as other men when 
distributed statistically over the whole 
spectrum of human folly and wisdom. 
Nevertheless, chemistry has made a full 
contribution to human happiness and as 
such deserves the support of society. 
There is quite a considerable and powerful 
class of people who hold that chemistry 
is opposed to culture and that a training 
in the so-called humane studies renders 
those who have received it broader in 
mind and sounder in judgment ; in fact 
more fitted for high and lucrative offices. 
Even schoolmasters have been known to 
advise gifted pupils that they should avoid 
science at all costs. As one headmaster 
expressed it, specialisation in_ science 
involved a sacrifice for the public school- 
boy for it meant he must give up the study 
of Greek and in this sense he separated 
himself from the intellectual aristocracy of 
his school. Further he considered there 
was a growing reaction against the teach- 
ing of chemistry because it was not suffi 
ciently stimulating intellectually. This 
prejudice will die but it is difficult to 
assess the harm it will do in the mean- 
time. The headmaster concerned evades 
the real and fundamental difficulty which 
Sir Charles Grant-Robertson states 9 
eloquently in his British Universities. 
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‘Every educated man and woman 
knows well that he or she has been for- 
tunate if in twelve or fifteen years of 
school and university education they 
have, among fifty or sixty teachers come 
under half a dozen men or women 
who by some unanalysable alchemy of 
method or inexplicable quality of per- 
sonality turned routine into inspiration 
and revealed windows and sunlight in 
what, but for them, would always be 
blank and imprisoning walls.’ 


Some years ago the scholastic agent in 
Mr. Evelyn Waugh’s Decline and Fall 
assured Paul Pennyfeather that it was 
amazing what one could teach when one 
tried. ‘ Why only last term’ he said ‘ we 
sent a man who had never been in a 
laboratory in his life as senior science 
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master to one of our leading public schools. 
He came wanting to do private coaching 
in music. He’s doing very well, I believe.’ 
Today, this satire is too near reality to be 
comfortable. The lack of competent and 
enthusiastic teachers of chemistry may well 
imperil the future of chemistry. 

I hope my Address has indicated that 
the advancing front of chemistry brings 
with it wide and interesting possibilities 
of even greater successes in the future. 
Science can only produce worth-while 
results if it has worth-while aims, and here 
I believe chemistry is taking the right 
direction. In these challenging days when 
youth stands at the crossways with a con- 
fused babel of voices calling for their 
loyalty and service, I hope the voice of 
chemistry will not call in vain.* 

1 Delivered Sept. 4, 1952. 
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SOME ASPECTS OF GEOLOGICAL RESEARCH 
AND THEIR PRACTICAL APPLICATION 


Address by 
Dr. J. E. RICHEY, M.C., F.R.S. 


PRESIDENT OF SECTION C 


In the English-speaking world alone very 
many geologists are at work at the present 
time in the field and laboratory exploring 
the mineral constitution of the earth. 
Many are engaged in mapping new terri- 
tories and, in general, wherever the place 
may be, are carrying out fundamental 
research on_ stratigraphical, structural, 
and other problems of varying complexity. 
Many are concerned with economic 
enquiries, applying the normal methods 
of geological investigation to the elucida- 
tion of practical issues, and aided by new 
techniques which have been developed 
for specific purposes. In addition to 
pursuing their own researches, many 
are employed as teachers and lecturers 
in schools and universities. I do not 
propose to touch further on the edu- 
cational aspects, important though they 
are in providing an outlook on the world 
around us wider and fuller than perhaps 
any other science can give. Later in my 
address I shall be dealing briefly with 
some problems on applied research, a 
field in which geology is playing an in- 
creasingly important part. In this con- 
nection I should like to remind you of the 
varied content of the phrase ‘ economic 
geology.” We have only to think of its 
many divisions and_ subdivisions, its 
numerous applications in the coalfields, 
in the search for oil, in metalliferous 
mining, in agriculture, forestry, water- 
supply, and in civil engineering under- 
takings with all their multifarious rami- 
fications, to realise how important a share 
geology is taking, directly and indirectly, 
in the control and development of world 
affairs. Sovaried, indeed, are the branches 
of applied geology and so many the 
contacts with other sciences, as, for ex- 
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ample, in geophysical research, in the 
development of natural resources, using 
that term in its broadest sense, in land 
utilisation problems, that the geologist 
nowadays is often compelled to become 
a specialist in a particular field. This 
specialisation, indeed in some cases ultra- 
specialisation, brings with it its own dangers, 
in that the geologist concerned may lose 
contact with the main currents of geo- 
logical thought and may find himself in 
a by-water leading to a dead end. In 
both pure and applied geology too narrow 
a view and too restricted a field of observa- 
tion have led in the past to premature and 
wrong conclusions. Some examples of this 
are given later but one additional instance 
may be noted here. We may recall the 
early views concerning our ‘ Norther 
Drifts’ and how Agassiz with his wide 
experience of the action of land ice placed 
the interpretation of glacial deposits in the 
proper geological perspective. 

There is just one further word I should 
like to say in regard to pure research by 
way of introduction. As Henri Poincaré 
remarked in La Science et Uhypothése: 
Science is built of facts, as a house is built 
of stones ; but an accumulation of facts 


is no more a science than a heap of stones | 


is a house. My object in this address is, 
largely, to indicate manners of building 
the ‘ geological house’ which have been 
followed in certain well-known investiga 
tions. For, as expressed by W. H. George 
in The Scientist in Action: ‘The art of making 
discoveries should be extended by com 
sidering noteworthy examples of it.’ 


GEOLOGICAL METHODS AND PRINCIPLES 
The geologist is concerned fundament- 
ally with observation, that is, with the 
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tematic recording of phenomena as 
they present themselves to him. He has 
also to bring together his observations into 
a pattern of evidence, from which a 
logical conclusion may be drawn ; or, 
to quote from Professor A. N. Whitehead’s 
Adventures of Ideas, he has to ‘ search for 
imple statements which in their joint 
effect will express everything of interest 
concerning the observed recurrences.’ 
There are, then, three stages in a piece of 
reearch which should be clearly stated 
and kept in view : (1) observation or the 
gathering of facts; (2) the framing of 
a conclusion to explain the facts; and 
(3) synthesis, i.e. the application of a series 
of conclusions so as to establish a broad 
general explanation or to enunciate a 
principle. I should like to make it clear 
that in what follows I am considering 
only what I call the patterns of evidence 
which lead the geologist to his results, 
not the technical aids he brings to his 
assistance. Nor do I propose to lay 
down rules of evidence. The method of 
proof, that is of reaching a conclusion 
upon a body of data, is varied according 
to the circumstances, and each geologist 
uses his own judgment to a great extent 
in the matter. In my experience, and 
probably in that of others, the various 
kinds of proof-patterns are utilised almost 
subconsciously and are often intertwined. 
As illustrations, I propose to refer to a 
few notable investigations carried out at 
various times during the past century and 
a half. 

Hutton’s fundamental researches in the 
latter part of the eighteenth century are 
altogether admirable in their ways of 
approach, however difficult his manner of 
writing may have been. He brought to 
bear upon his problems a wealth of facts 
to which he always refers his immediate 
conclusions, as being the arbiters in the 
case. In an age when the Catastrophists 
appeared supreme, it is all the more 
instructive to find how complete their 
overthrow by the Uniformitarians eventu- 
ally was, in face of Hutton’s facts. His 
explanations were based mainly upon 
natural processes which he could observe 
In action in the world around him. His 
only further requirement was time for the 
results recognised in the rocks to be pro- 
duced, though time of such a length that 
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his realisation of it was one of the greatest 
strides into the unknown which anyone 
has ever made. I am not setting out to 
review the philosophic aspects of Hutton’s 
work, or the full scope of his Theory of the 
Earth, with its recurring cycle of earth 
change. But I wish to consider very 
briefly his methods of approach to three 
fundamental problems: the significance of 
unconformities, the magmatic origin of 
basalt, and the consolidation of granite 
from a molten state. 

Already, in 1667, Nicolas Steno, the 
Dane who settled in Florence, and in 1719 


John Strachey in England, had recorded 


their observations of the arrangement of 
strata known as unconformity, but with- 
out explanation. Hutton, however, redis- 
covered and interpreted the relationship, 
and it is the manner of this advance which 
I wish to emphasise. 

In the south-east of Scotland where 
Hutton mainly worked, he was constantly 
confronted with rocks of two_ kinds. 
Both, he realised, had been laid down 
as flat-lying beds of sediment upon 
a sea-floor or other area of deposition. 
Further, two contrasted attitudes of the 
bedding were apparent, each related to 
rocks of different composition, one of them 
highly inclined, the other in flat or gently- 
inclined layers. The question that arose 
in Hutton’s mind was: what would be 
seen at places where these two contrasted 
rocks came in contact with one another ? 
His search for such critical exposures was 
rewarded by the discovery of the uncon- 
formity along the River Jed near Jedburgh 
and at Siccar Point on the Berwickshire 
coast. At these places the flat-lying beds 
rested upon the edges of the highly- 
inclined strata. So much was observed. 
The solution became equally clear. ‘The 
junction of the two series of rocks repre- 
sented a former surface of the earth. 
Sediments laid down in the sea had be- 
come first compacted and later uplifted 
by earth movement. Next, they had been 
shorn across by a slow process of subaerial 
erosion such as Hutton could see in action 
around him. Lastly, the final surface of 
denudation of the ancient land subsided 
in turn beneath the waters of a sediment- 
forming area, from which the upper, 
unconformable series of beds were de- 
posited, and so a new cycle of earth change 
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was initiated. What was the essential 
pattern of this research? I would say 
that the realisation of two contrasted sets 
of circumstances, of vital differences, was 
the main pattern leading to the discovery, 
and secondly, the appreciation of the 
adequacy of natural processes at work 
at the present day to explain an observed 
situation. 

Much had been achieved by such men 
as Guettard and Desmarest working at 
different times in the Auvergne to show 
that basalt was of magmatic origin before 
Hutton and his associate in Edinburgh, 
Sir James Hall, published their results. 
Hall in particular established a new ap- 
proach. He recognised in 1785 that 
basalt filling highly-inclined fissures in the 
ancient crater wall of Somma bore fine- 
grained margins, which he later explained 
to be the result of chilling of injected lava 
against the cold sides of the fissure. Early 
in the nineteenth century similar fine- 
grained and compact marginal zones 
were observed by Thomas Allan, in 
association with Hall, along the base and 
top of the great basic sill forming Salis- 
bury Craigs, Edinburgh, and on the sides 
of a basalt dyke at the Cat’s Nick travers- 
ing the sill, and their correspondence with 
those of Somma was realised. The 
phenomenon of the intrusion of basalt in 
areas where no active volcanoes were in 
existence was established by these ob- 
servations. Hall had already, in 1798, 
adduced evidence from the laboratory 
that basalt was of magmatic origin, by 
melting basalt and subjecting the melt 
to slow cooling, so partly reconstituting 
the crystalline state of the original rock. 
In these examples the method of proof lay 
in making comparisons and _ recognising 
similarities, in other words, by analogy, 
between what could be demonstrated by 
experiment or in nature and the matter at 
issue. 

It is appropriate to recall the opposition 
which Hutton and Hall’s conclusions in 
regard to the magmatic origin of basalt 
had to meet. Rocks cited as evidence 
against the igneous theory will be ex- 
amined by members of the geological 
section during the present Meeting of the 
British Association. Kirwan, president 
of the Royal Irish Academy, a fervent 
supporter of Werner’s Neptunian school, 


pointed to the occurrence of basaltic 
rocks at Portrush which contained fossij 
and therefore were of aqueous origin, 
These rocks, however, though superficially 
resembling basalt, are highly-indurated 
Lias shales in contact with a dolerite jj 
which has altered them. 

I may refer briefly to another great 
contention of the Hutton school, that 
concerning the origin of granite. Ty 
Hutton, the discovery of veins of granite 
crossing the rocks of Glen Tilt in Perth. 
shire indicated that the granite had been 
molten and so capable of being injected 
into fissures where it solidified. His 
reasoning was sound and no one has 
convincingly disputed it. It led him, by 
the rule of similarity, to envisage large 
masses of granite as also having been 
molten. Most geologists agree that gran- 
itic rocks may also be formed by the 
granitisation of country rocks with or with- 
out the visible intervention of a magmatic 
stage. Professor H. H. Read has recently 
emphasised in an Alexander du Toit 
memorial lecture that granitic studies 
must be related to their regional environ- 
ment. Thus, the development of large 
granitised bodies, he maintains, can only 
take place in regions of high metamor- 
phism. In low grade metamorphic areas 
granitisation will be localised and mar- 
ginal to intrusive granitic bodies. 

The Law of Superposition of strata 
provides evidence of their relative ages, 
and was already established when William 
Smith, the English land surveyor, recog: 
nised that the varied Jurassic rocks of the 
west of England succeed one another in 
a regular order. Had he not been an 
assiduous collector of fossils as well as a 
stratigrapher his great discovery of order 
in fossil-contents as well as in lithology 
could not have followed. By the end of 
1795 he had become convinced of the 
similarity of fossils obtained from the same 
set of beds in different places, and also 
realised that successive groups of strata 
had provided different fossil-assemblages. 
His knowledge of the time-order of the 
strata enabled him, from his realisation of 
the patterns of similarity and dissimilarity 
among the fossils, to make the greatest of 
all stratigraphica! discoveries, that fossils 
are a sure guide to correlation of strata 
over wide areas. As he expressed it in 4 
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letter dated January 5, 1796,—‘ that most 
wonderful order and regularity with 
which Nature has disposed of these 
singular productions and assigned to each 
Class its peculiar Stratum.’ (See L. R. 
Cox: Proc. Yorkshire Geol. Soc., 25, i, 
1942.) His discovery has added point 
to the truism that life is the one non- 
unformitarian element in the world’s 
history, ever changing and never exactly 
repeated. 

Lapworth’s genius for appreciating the 
kernel of a problem was strikingly mani- 
feted in two areas. At Dobb’s Linn near 
Moffat, in the Southern Uplands of 
Scotland, his discovery that a series of 
graptolite assemblages was repeated in 
inverted order in what appeared to be a 
straight succession of shales, established 
the stratigraphical succession and simul- 
taneously determined the typical struc- 
tural unit of the region. In the N.W. 
Highlands, by mapping and by sub- 
dividing previously known _ lithological 
groups of strata, he was able to show that 
an apparent stratigraphical succession 
was fallacious, and that other criteria 
were required for resolving the prob- 
lem. His work emphasised the need for a 
stratigraphical succession to be clearly 
demonstrated as a pre-requisite for the 
ducidation of structure, and specifically, 
that an apparent succession of strata may 
be misleading and the Law of Super- 
position inoperative in certain terrains. 

In the two cases, the pattern of discovery 
was somewhat different. In the Southern 
Uplands Lapworth recognised that the 
two-way graptolite succession did not fit 
in with any previous explanation, and 
proved that the repetition of the succession 
was the result of folding. In the N.W. 
Highlands he realised the quandary into 
which Murchison’s ‘ facts’ based upon 
the Law of Superposition led. To quote 
his own words, ‘ they land us in a set of 
conclusions so unnatural and absurd that 
it would be ridiculous to suppose that 
any scientific man could entertain them 
fora moment.’ The reductio ad absurdum 
method of criticism has had its applications 
in geology. 

The ‘unnatural and absurd’ con- 
clusions were that the Cambrian-Ordo- 
viclan series, to quote Lapworth’s sum- 
ming up, ‘is composed of two members 
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[at Durness] and of three members [at 
Eriboll] and the well-known Durness 
Limestone forms both the central and the 
highest of these. This strangely con- 
stituted fossiliferous series is both olderand 
younger than the Sutherland gneiss, for 
it underlies the latter conformably and 
overlies it unconformably.’ 

Lapworth invoked folding of alpine 
type, as enunciated by Heim, and large- 
scale lateral displacements of rocks to 
account for the anomalies in the apparent 
succession. Although his detailed ex- 
examination of a limited area did much 
to settle the N.W. Highland problem, 
one cannot read the literature of those 
times without paying tribute also to two 
other geologists. One, Professor Nicol 
of Aberdeen, in 1861, had already ad- 
vanced very far towards a solution, for 
example, by finding evidence of complete 
inversion of the upper of Murchison’s two 
quartzites. The other, Dr. Callaway, 
accurately depicted in his sections pub- 
lished in 1883 (the year of Lapworth’s 
paper ‘ The Secret of the Highlands ’) 
great displacements of the rocks along 
low-angled planes. For example, he de- 
picted the two spectacular thrusts along 
Loch Glencoul, the lower displacing 
Lewisian Gneiss over Cambrian, the upper 
bringing forward the Eastern Schists 
along the Moine Thrust, as it was later 
termed. 

The subject of igneous tectonics covers 
a wide field, and before discussing par- 
ticular Hebridean features I feel that 
some tribute should be paid elsewhere. 
I may mention more particularly G. K. 
Gilbert’s early recognition of laccoliths 
in the Henry Mountains east of the 
Rockies, Hans Cloos’ many field tech- 
niques developed in the Reisengebirge 
and other areas for elucidating the struc- 
ture of plutonic and volcanic masses, and 
Professor Reginald Daly’s stimulating 
and comprehensive work throughout a 
long life. In igneous as in sedimentary 
tectonics a geometrical pattern of evidence 
is often apparent. In the case of the 
Tertiary intrusive complexes of the Inner 
Hebrides, Harker working in Skye pre- 
sented in 1900 the first pattern to be based 
on detailed mapping. An apparent sim- 
plicity of structure of the plutonic masses 
was attributed to laccolithic intrusion, 
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incorrectly as we now know. It is in a 
way paradoxical that the almost unbe- 
lievable complexity of Mull should have 
yielded the main geometrical patterns 
applicable to most of the Hebridean- 
Irish region. In one important aspect 
the research was furthered by the prior 
discovery, in 1909, of the cauldron sub- 
sidence of Glen Coe. ‘There a cylinder of 
Lower Old Red Sandstone volcanic rocks, 
six miles in diameter, bounded by a ring- 
fault, was let down among Highland 
schists for some thousands of feet. Along 
the fault two ring-intrusions of granitic 
magma found their way upwards from an 
underground source. It was fortunate 
that Clough and Bailey, who with Maufe 
mapped and resolved Glen Coe, were 
foremost in the investigation of Mull. 
Tribute is also due to E. M. Anderson for 
his interpretation of the origin of the con- 
trasted crustal fractures governing the 
geometrical patterns which mapping dis- 
closed. The part which crustal fracturing 
plays in igneous intrusion, yielding curving 
rock-outcrops arranged around succes- 
sively functioning centres, was fully demon- 
strated in that complicated district. In 
brief, ring fractures were of two kinds. 
One of them, related to intrusions mainly 
of plutonic type, was similar to that of 
Glen Coe, being vertical or outwardly 
inclined from the centre (ring-dyke); the 
others were inclined inwards towards the 
intrusion-centre and were exemplified by 
inclined sheets, or cone-sheets, mainly 
with hypabyssal  crystallisations. The 
demonstration of curving intrusions, 
whether ring-dyke or cone-sheet, related 
to geometrical centres, and the migration 
of a centre from one point to another 
during the building up of a single complex 
proved fruitful of results in other parts of 
the Hebridean-Irish region, at Ard- 
namurchan, in the Mourne Mountains, at 
Slieve Gullion and at Carlingford. At 
Slieve Gullion a ring-shaped intrusion of 
dyke-like form had been mapped by 
Joseph Nolan and other Irish surveyors 
some years prior to Harker’s arrival in 
Skye, although it was not separated till 
recently into its component intrusions or 
from others of related rock-type and sheet- 
like form which enter into that interesting 
complex. Recent discoveries of the 
Hebridean ring-dyke pattern have been 


made in other countries and the idea ¢ 
relationship of fracturing to centres cop, 
comitant with intrusion helped much jr 
their elucidation. Especially noteworthy 
are the magnificent series of ring-dyke 
mapped in difficult terrain in New Hamp 
shire in the north-east of U.S.A. by Mis 
Louise Kingsley, Professor Marland Bj. 
lings, the two Chapmans and Davi 
Modell. Cauldron subsidences in th 
Oslo district mapped by Schetelig prio 
to the survey of Mull have recently bee 
described by Oftedahl, Professor Holte. 
dahl and Saether. The precision with 
which the amounts of subsidence of the 
central pre-existing rocks have bee 
determined for some of the Oslo com 
plexes is one of the most impressive results 
attained in that classic area. 
Cone-sheets, inwardly inclined toward 
an underground focus situated at a depth 
of several miles below the present surface, 
are found in varying abundance at every 
one of seven or eight Hebridean-Irish 
complexes, but as far as I am aware 
nowhere else in the world in association 
with ring-dykes. Yet in the Inne 
Hebrides especially, the two contrasted 
types of intrusion appear to have been 
complementary to one another, their 
intrusion alternating repeatedly in time 
in Mull, Ardnamurchan and elsewhere. 
The geometrical pattern of the Tertiary 
types governs conclusions in regard to 
methods of intrusion, as it sheds light on 
the shapes of the spaces occupied by the 
rocks. The problem of how spaces origi- 
nated for intrusion is mainly in the first 
place one of geometry, for without some 
precise idea of the shape of the space 
concerned there can be no sound basis 
for argument about how the spac 
originated. The difficulty of the subject, 
even in the case of minor intrusions, 3 
apparent to anyone who has tried 
visualise on some geometrical pattern the 
shapes of repeatedly cross-cutting quartz 
dolerite sills of the Scottish coalfields. 
Great discoveries in geology which att 
dependent upon inductive reasoning att 
often made from the observation of severd 
phenomena all of which point in the ont 
direction. The first example I advance 
is the explanation proposed by Wager and 
Deer in regard to the Skaergaard Gabbro 
in eastern Greenland, that the mas 
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consolidated in the main from the bottom 
upwards and that the process was governed 
by convection currents set up in the liquid 
rock owing to top cooling. It is un- 
necessary, 1 am sure, to detail the many 
lines of evidence which led the authors 
to their classic explanation: structural, 

trographical, chemical and mineralogi- 
cal features contributed to the solution, 
and all pointed in the one direction. 

The second example is Professor Ken- 
nedy’s conclusion that the Great Glen 
Fault which divides the Scottish Highlands 
in two along the line of the Caledonian 
Canal and Loch Linnhe is mainly of 
transcurrent or wrench type, and that 
the rocks on one side of the fracture have 
been shifted laterally for 65 miles rela- 
tively to those on the other. Three major 
investigations preceded the enunciation 
of the conclusion, and with at least one 
other main line of evidence contributed 
tothe solution. Further work may reveal 
other lines of evidence but, whatever they 
are, they will have to take account of a 
series of major coincidences which, I 
think, add up practically to a demonstra- 
tion of the most powerful wrench fault 
known. 


PATTERNS OF EVIDENCE 


Iam aware that the patterns of evidence 
Ihave adduced for the researches selected 
are of different values and types, and that 
investigators make use of a variety of 
patterns in a single piece of research. 
Nevertheless I am venturing to mention 
and briefly consider these and other 
patterns as a conclusion to what is 
necessarily a very incomplete enquiry. 

Anomalies.—A pattern of evidence may 
inlude an anomaly at variance with 
apparently valid conclusions reached on 
other grounds. Anomalies may not con- 
stitute vital objections to a conclusion : 
on further investigation they may yield 
and conform to the prior solution, or 
prove irrelevant. On the other hand the 
recognition of anomalies has frequently 

en a most fruitful source of discovery in 
geology as in other sciences. It is not so 
tasy as it may appear to recognise an 
anomaly of critical importance during a 
piece of field research. A_ difficulty 
encountered may be disregarded when it 
Sat variance with a mass of data pointing 
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to a particular conclusion. Yet the 
recognition and tackling of such a diffi- 
culty often lead to a new and entirely 
unforeseeable point of view. 

An anomaly which helped greatly to- 
wards the elucidation of Dalradian tec- 
tonics in the Scottish Highlands is that of 
the three-sided stratigraphical formation. 
Maufe in the first instance recognised the 
problem presented by the Ballachulish 
Limestone, which along different parts of 
its outcrop was in contact with three 
other Dalradian formations. Together 
with other evidence this led Sir Edward 
Bailey to his well-known interpretation, 
that the rocks were involved in large-scale 
recumbent folding accompanied by fold- 
sliding, so accounting for the anomaly of 
the three-sided formations in the Balla- 


chulish district and elsewhere in the 
Dalradian Highlands. 
Similarity and Dissimilarity. The visual 


recognition of the like and unlike is part 
of the geologist’s all-day and everyday 
experience. In larger issues, leading to 
some new discovery, it also plays a part. 
The noting of a change of appearance or 
mode of weathering, however slight, in a 
traverse across a granite takes the investi- 
gator back on his steps in order to ascer- 
tain a reason for the change. A sharp, 
intrusive contact of one type against the 
other may be found, as in the case of the 
Mourne granites in Co. Down where 
four or five different intrusions were 
recognised largely from marginal differ- 
ences in aspect of the rocks. In a still 
larger mass, the Cairngorm granite 
north-west of Deeside, no change of type 
has been observed, and argument from 
similarity requires this to be regarded as 
a single intrusive body, by which is meant 
a homogeneous mass in which consolida- 
tion went on without a _ recognisable 
break. 

Analogy.—Comparison with a_ well- 
founded case from another locality is a 
familiar means of arriving at a solution or 
is often cited as supporting evidence. 
There are two requisites: the standard 
case should be well documented and 
beyond dispute, and the comparison 
should be relevant, i.e. the two cases 
should be alike. Analogy is most effective 
either if the standard case is personally 
known to the investigator or if the 
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phenomena on which the standard case 
is based are such that the investigator can 
assess their value from his knowledge of 
similar circumstances. Much care and 
discrimination are needed in applying the 
method, and the use of analogy to 
strengthen a position often requires a 
singularly unbiased mind. Major dis- 
coveries should be based adequately upon 
the local evidence, but in minor ones with 
strictly limited conclusions the method of 
proof by analogy is often justified. 

Repetitive Evidence.—The observation of 
repetition is perhaps the most usual means 
to an end in geology. A single case of a 
phenomenon may be interesting and 
intriguing, but unless many instances are 
found there may perhaps be no adequate 
pattern of evidence to suggest a problem 
or to provide a solution. To cite a 
Scottish example : in 1902, in the Craig- 
nish peninsula south of Oban, Maufe 
found dykes of two different compositions, 
each set following different directions. 
One, composed of basaltic rock of Tertiary 
type, extended north-westwards in the 
direction of the Island of Mull. The other, 
composed of porphyrite and of other 
Lower Old Red Sandstone types, was 
directed north-eastwards towards the 
granitic complex of Loch Etive. Maufe 
also noted instances of the intersection of 
north-east dykes by those of the north- 
west set. At right angles to their direc- 
tions of trend the dykes of both series 
become less closely spaced and _ finally 
are absent. Now, a dozen dykes would 
have raised no particular question, but 
the delimiting of the two swarms directed 
respectively towards Mull and Loch 
Etive, with dyke-free country on either 
side, carried with it the suggestion that 
the intrusion of the dykes was related in 
some way to these two intrusive com- 
plexes. This type of coincidence led to 
the explanation given by Bailey, that 
dyke-fissures became concentrated across 
a weak place in the earth’s crust where, 
as indicated by plutonic intrusions, large 
bodies of magma were locally in existence 
below ground. 

Geometrical Pattern.—The recognition of 
a ruling geometrical pattern is a prevalent 
aid to geological mapping. Its discovery 
in almost all cases gives greater confidence 
in drawing outcrops on the field map. 


The pattern is really an expression of th 
geological structure. For example, th 
discovery of an isoclinal fold at Dobb; 
Linn in the Southern Uplands by La 
worth provided the type of pattern fy 
mapping the greater part of the region 
Reference may also be directed to fay 
patterns, where prevalent fault direction, 
are recognised as characterising a particy. 
lar district. In coalfield surveys wher 
the working out of the structure so ofte; 
has to depend upon information suppliei 
by bores, with few or no surface outcrop, 
it becomes a matter of special importance 
to know what the prevalent direction o 
directions of faulting may be, sc that th 
information can be examined in: the ligh 
of these trends. 

Intersecting Lines of Evidence.—In most of 
the immediate problems which constant) 
concern the geologist a single line of evi. 
ence may prove adequate for arriving 
a conclusion. But it may well be, espec 
ally in problems of magnitude, that a 
least three converging lines are necessary 
to reach a final conclusion. No generd 
rule in the matter, however, can be given, 
and every worker must decide for himsel 
the needs of his problem. 


PRACTICAL APPLICATIONS OF GEOLOGY 


The practical importance ofa knowledg 
of the geology of a country has long been 
recognised. For example, in the British 
Isles, as early as 1813, Macculloch was 
appointed to carry out a geological survey 
in Scotland in connection with the worl 
of the trigonometrical survey. In 183) 
a similar appointment was made it 
Ireland in the person of Captain (late 
General) Portlock, R.E., who, in 1843 
presented his notable Report on th 
Geology of the County of Londondem 
and parts of Tyrone and Fermanagh. In 
the preface Portlock states that the objec 
in view was to combine with scientifi 
investigation much practical information 
This dual purpose, widened to inclutt 
investigations into mineral resources, ha 
been the guiding principle in shaping th 
policies of national geological surveys # 
home and abroad, although on occasiot 
the need for carrying out special econom 
enquiries has taken precedence over colt 
prehensive mapping. It is hardly nect 
sary to say that a thorough training " 
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geological principles and in their applica- 
tion to particular problems is an essential 
pre-requisite for success in the economic 
feld. A further point which should be 
specially emphasised is that economic or 
applied geology is not a separate subject 
fom geology. It is simply geology ap- 
plied to a variety of objectives containing 
an economic purpose. In amplifying this 
basic truth by quoting certain cases, I shall 
attempt to indicate ruling patterns of the 
evidence. 

Coalfield Geology—Amongst the wealth 
of scientific achievement which has come 
from the study of coal it is difficult to 
single out a subject in illustration of 
the main patterns of evidence involved. 
But perhaps the discovery and exploita- 
tion of the concealed coalfield of Kent 
in the south-east of England may be 
selected, for a variety of reasons. In 
the words of the late Professor Boyd 
Dawkins, spoken in 1906, its discovery 
is ‘the story of a scientific idea, origin- 
ated many years ago, taking root in 
the minds of geologists, developed into 
theory, and ultimately verified by facts.’ 
The pattern of evidence was largely one 
of geometry, though geometry on the 
grand scale. Even in day-to-day coalfield 
research, the same type of evidence is con- 
stantly required in dealing with structural 
problems, and the conclusions reached 
srve as a guide to the location of 
bores, 

In 1821 Buckland and Conybeare 
drew attention to the similarity of the 
structure of the coalfields of Bristol and 
Somerset on the one hand and northern 
France and Belgium on the other. In 
1846 De la Béche stated that there might 
be Coal Measures beneath the intervening 
Jurassic rocks of the south of England, 
and in the same year a bore for water in 
the Pas de Calais district proved Coal 
Measures on the other side of the Channel. 
In 1856 Godwin-Austen gave more pre- 
cision to these early ideas. He visualised 
a far-extending belt of uplift that had 
involved the Coal Measures and older 
rocks, stretching from the south-west of 
England to northern France and Belgium. 
Southwards against the uplifted belt, after 
the removal of the tops of anticlines by 
Post-Coal Measures denudation, he sug- 
gested that the cover of younger strata 
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would have overlapped and at the same 
time become thinner than farther north. 
So the cover, overlying Coal Measures pre- 
served in troughs, might be sufficiently 
thin in the south-east of England for the 
underlying coals to be reached by boring 
and exploited. 

The idea became accepted by many 
though not all geologists, and the experi- 
mental stage of putting the matter to the 
test by boring was begun in 1872 near 
Battle, north of Hastings in Sussex. The 
bore, however, showed that in this area 
the upper oolites of the Jurassic by them- 
selves were much thicker than anticipated, 
and the bore did not extend below the 
Oxford Clay. But the idea persisted, 
though as now known it was incorrect as 
regards the direction in which the thin- 
ning of the Mesozoic cover takes place, 
and in the mind of Boyd Dawkins, in 
collaboration with the engineer, Brady, 
led to the drilling of a bore starting in the 
Chalk close to the Shakespeare Cliff near 
Dover in 1886-90. The bore reached Coal 
Measures at a depth of only 1,100 ft. and 
proved a number of seams of coal. Many 
more deep bores were subsequently drilled 
in Kent, and exploitation at several col- 
lieries followed the experimental stage. 
As H. G. Dines and others have recently 
shown, Coal Measures are now known to 
occur within an area of about 100 square 


_miles bounded by Dover, Canterbury and 


Ramsgate in east Kent, in a structural 
basin the axis of which extends west- 
north-west through a point a few miles 
north of Dover. 

Exploitation has been accompanied by 
much geological research, and classifica- 
tion by means of widely applicable 
methods of comparison has proved useful 
in Kent as in so many other coalfields in 
Britain and elsewhere. In this study H. 
Bolton working with the animal remains 
and Newall Arber with the plants applied 
stratigraphical knowledge gained else- 
where to determine the position of the 
Kentish Coal Measures in the general 
sequence. Later work by Sir Arthur 
Trueman on the non-marine lamelli- 
branch faunas and by Stubblefield and 
others on the marine horizons has modified 
the original classification of the lower part 
of the succession. The two seams of coal 
mainly worked at present are situated in 
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the Upper Coal Measures, the lower seam 
towards their base. 

The less spectacular though on occa- 
sions highly profitable method of de- 
tailed comparison of lithological sequences 
should also find a brief mention here. 
The life of a coalfield depends largely 
upon the number and lateral extent of 
its workable coal seams. The correct 
recognition of the various coals in a local 
succession thus becomes a matter of vital 
importance in ground so much broken by 
faults as many of the British and Conti- 
nental coalfields are. It would be in- 
vidious perhaps to select as an illustration 
one of the many cases where Survey 
geologists and mining engineers have 
corrected a wrong designation of a seam 
and have brought welcome extensions 
of life to particular coalfields. ‘The value 
of their work emphasises the need for a 
continuing study while coal remains an 
essential asset for Britain’s economic 
prosperity, and here I may refer to a 
recent Presidential Address to Section C 
by Dr. Murray Macgregor (Dundee 1947) 
in which many other desiderata for coal- 
field research have been indicated. 

The Search for Oil.—Much has happened 
since the year 1859 when the first oil- 
reservoir to be discovered was pierced in 
Pennsylvania by ‘ Colonel’ Drake’s drill 
at a depth of 69 feet. Scientific methods 
of locating possible reservoirs have been 
developed with such precision that nowa- 
days deeper and deeper sources of oil are 
being sought and exploited. In the 
United States alone, in 1945, no fewer than 
65 wells were drilled to depths greater 
than 12,000 feet. In the early search for 
oil geology was hardly used at all, but 
the phenomenal developments of the past 
50 years have resulted very largely from 
geological and geophysical investigations. 
At the present time in the United States 
the chances of locating an oil-reservoir by 
the ‘ wild cat’ drilling that was almost 
exclusively practised up to the close of 
last century have been estimated as only 
5 in 100, as compared with the chances of 
23 in 100 for cases in which geological and 
geophysical methods have been employed. 

The geologist and geophysicist are con- 
cerned mainly with the determination of 
structure, and geometrical patterns of 
evidence are of chief value in the discovery 


of suitable ‘traps’ for oil. The ant. 
clinal theory of the early days becar 
well substantiated with the inception ¢ 
organised field research by geologists, an 
geological mapping increased in impor. 
ance from 1897 until 1923 when, in th 
United States, the first oil-location base 
upon a geophysical (gravity) survey wa 
drilled. To illustrate an idea which hy 
proved highly profitable, I propose ty 
take an example not from the U.S.A. by 
from the other world-pole of oil pn. 
duction situated around the Persia, 
Gulf. 

Early Tertiary (Eocene) beds form the 
surface rocks of Bahrein Island, 30 mile 
long by some 10 miles in width, in the 
south-eastern part of the Persian Gul 
The rocks were examined in 1908 by G.E. 
Pilgrim of the Geological Survey of Indi: 
who showed that the strata occurred in 
the form of a slightly elongate dome. He 
noted associated deposits of asphalt and 


speculated on the probability of oil occur 
ring at depth. His idea was not put to the 
test till much later. The delay no doubt 
is attributable to the fact that the Bahrein 
rocks lie at a lower stratigraphical level 
than the oil-producing beds—the Asman 
Limestone—of the adjoining great Persian 
field. It was not until 1932 that the 
Standard Oil Company of California dis 
covered by drilling the first oil-pool at 
Bahrein in Cretaceous limestone. Since 
then production has gone on apace, and 
reserves in this small insular area have 
been estimated to be nearly one-half of 


1 per cent. of the total known world} 


resources of petroleum.. An interesting 
feature of the production side is that the 
pressure in the oil below ground is mai 
tained by injecting into the oil-reservoirs 
high-pressure gas obtained from a levd 
in the Cretaceous deeper than the oil 
horizons concerned. 

This is not the place to comment upot 
the variety of structural and other trap: 
which the world-wide search for oil has 
disclosed. But it is perhaps of interest 10 
refer to another aspect, namely, the i 
portance of voids in reservoir rocks, and 
the chances which have proved success 
of finding oil in dense strata owing to tht 
local occurrence of fissures and fracture 
The recent discovery of oil in norther 
Venezuela in dense Cretaceous limestont 
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below previously exploited porous Ter- 
tiary strata provides an example of the 
role of fracturing associated with folding. 
Another case is the Balkassar field in the 
Punjab. The search for fissured zones at 
depth should prove to be a fruitful if 
dificult subject for future investigations, 
and in their prosecution geological and 
geophysical research may indeed pay high 
dividends. 

Appreciation of the conditions under 
which the initial migration of oil takes 
place from the source rocks to the porous 
or fissured reservoir rocks is also vital. 
The matter was discussed at the Geo- 
logical Congress in London in 1948 by 
L.G. Weekes, and emphasis was laid upon 
the importance of unconformity and over- 
lap, in other words, the positions of ancient 
shore-lines with off-shore dip of beds, for 
these are guides to the present-day geo- 
graphical locations where oil may be ex- 
pected to occur. In resolving such prob- 
lems of paleogeography every available 
branch of geological science must be 
brought into action, and the future holds 
no doubt as high a place for geology in 
the search for oil as the history of the past 
fifty years testifies. 

Location of Ore Deposits. Exposed ore- 
bodies yield denuded fragments of ore to 
adjacent streams and rivers and were dis- 
covered by old-time prospectors finding 
these clues along the waterways and 
following them up to the parent masses. 
Less obvious geochemical and biochemical 
methods are now being explored for 
tracking to their sources the superficially 
oxidised and water-soluble derivatives 
of hidden primary ore-bodies. These 
methods include the field analysis of 
surface water, and laboratory analysis of 
parts of plants and trees and their derived 
humus, since heavy mineral salts in soils 
can be concentrated in the tissues of 
certain species. An ore-body suspected 
for one reason or another in a certain 
place may be located by geophysical or 
other means. Geology becomes highly 
Important, however, in hunting for fresh 
ore in fields which are under exploitation. 
These provide much more valuable geo- 
logical information about the mode of 
occurrence of ore than natural exposures 
alone can do. A plea may be made here 
for the retention of geological advisers 
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throughout the working of a mine. By 
this means as the workings progress 
valuable information can be gathered 
which may be vital for the understanding 
of the ore occurrence but may be de- 
stroyed during exploitation. 

The literature of ore deposits contains 
numerous examples of the successful 
application of field geology in the search 
for ore-bodies. The hydrothermal solu- 
tions from which many ores have been 
deposited often followed structurally con- 
trolled channels. Generally speaking 
there are two major types of structural 
control, namely, folding and faulting. 
In particular, the recognition of the geo- 
metrical pattern of fractures has proved 
to be of first-rate importance in locating 
new bodies of ore or in extending the 
knowledge of veins already found. The 
simplest fracture-pattern is the parallel 
or sub-parallel system, as seen at Coeur 
d’Alene, Idaho. More common, however, 
are combinations of different sub-parallel 
sets. These may intersect to form a 
roughly rectangular pattern, as at Real 
del Monte, Mexico, or a_ branching 
pattern, as at Oruro, Bolivia. Less fre- 
quently, more than two sets of veins are 
present. At Butte, Montana, this is the 
case, and although the vein network is 
complicated an underlying regularity can 
be made out. 

An instructive case where modern 
methods of mineralogy and _ petrology 
have been used in the search for ore 
comes from the important mining locality 
of East Tintic in Utah, and is concerned 
with the alteration of country rocks. Here 
rhyolitic lavas, probably of Oligocene 
age, rest upon highly-folded Palzozoic 
carbonate rocks and quartzite, and both 
rock series are cut by monzonitic in- 
trusives. Ore occurs only in the rocks 
below the lavas, and in consequence may 
be ‘ blind.’ About 1927 Billingsley made 
recommendations based partly upon the 
strong alteration of the barren lavas, and 
these led to the discovery of the North 
Lily ore-body. This early work was not 
followed up until the last war, when the 
United States Geological Survey studied 
in detail the time and space relationships 
between rock-alteration and ore-deposi- 
tion in the area. From these studies 
Lovering and his collaborators established 
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five stages of hydrothermal alteration : 
(1) early barren stage, (2) mid-barren 
stage, (3) late barren stage, (4) early 
productive stage, and (5) ore stage. The 
first stage is a dolomitisation of limestone 
and chloritisation of lava. Mapping of 
dolomitised fractures in limestone gave 
valuable information about the hydro- 
thermal ‘ plumbing’ system, for although 
the early barren stage solutions travelled 
far beyond the ore solutions the latter 
generally followed channels previously 
used by the earlier. The mid-barren 
stage is one of argillation and is not clearly 
related to ore deposition, but thesucceeding 
late barren stage, characterised by jasper- 
oid and pyrite, is intimately associated 
with ore, and the miners consider ‘quartz ’ 
to be an excellent guide to ore. Sericite 
and hydromica of the early productive 
stage is a most useful guide, but the 
sericite must be distinguished from that 
of the mid-barren stage. Although Lover- 
ing states that ‘no alteration thus far 
recognised is a sure indication of ore,’ yet 
his work has borne important fruits and 
opens up fresh lines of thought in ore 
geology. 

Civil Engineering Problems.—In_ illustra- 
tion of the methods of approach in geology 
to civil engineering problems, I propose 
to describe two examples from Britain. 
One concerns the foundation of a dam, 
and is a further instance of the successful 
pursuit of a scientific idea. The other, 
the site of a tunnel, was solved by a 
pattern of converging lines of evidence. 

The investigation of the Vrynwy dam- 
site in North Wales in the ’80’s of last 
century is an example of the use an en- 
gineer made of his knowledge of geological 
processes. One of the engineers con- 
cerned in the scheme, Dr. G. F. Deacon, 
was aware that the valley had been 
occupied by a glacier, and that erosion 
by ice produces unevenness in rock- 
floors. He recognised, too, that the 
superficial deposits covering the valley- 
bottom had been deposited in a lake of 
glacial times, and surmised that the lake 
had been dammed by a rock-bar. To 
test his idea, nearly 200 bores in all were 
put down through the surface ‘ soils,’ and 
a rock-bar was eventually located at a 
depth of 40 to 45 feet. Rockhead sloped 
away on either side of the bar, which was 


used for the foundation of the greg 
masonry dam, and Deacon estimated that, 
had a site been chosen at a distance of 
only 220 yards away, this would haye 
involved an additional cost of no less than 
£300,000 to £400,000 for the works, [y 
similar circumstances at the present day 
a geophysical survey should eliminate the 
need for so extensive a boring programme, 
but we may admire Deacon’s persistence 
in his search and his well-deserved succes, 

The second example is the investigation 
of the site of the Mersey Road Tunnel, 
known as the Queensway Vehicular 
Tunnel, by Professor P. G. H. Boswell, 
which was opened to traffic in 1934, It 
is a striking instance of the reliance placed 
upon geological inference which could 
not be verified by trial boring owing to 
the rapid ebb and flow of the tide. From 
the driving of the Mersey Railway Tunnel 
begun in 1879, and. from investigations 
prior to that undertaking by the engineer. 
geologist, T. Mellard Reade, it was al- 
ready known that the River Mersey was 
flowing in a buried river-valley or rock- 
channel which was lined with a deposit of 
boulder clay. The new tunnel was sited 
a short distance downstream (i.e. sea 
wards) of the Railway Tunnel. This 
raised the question whether the rock 
channel was deepening seawards, as 
might be expected on general principles, 
or landwards. The investigation took 
account of the knowledge that the Irish 
Sea was filled with ice when the rock 
channel was cut, and the exit of the Mer 
sey seawards in consequence blocked. It 
was also known from bores in the Liver 
pool and Birkenhead area that tributary 
buried channels existed and that, in plan, 
their courses made V-shaped angles with 
the main channel pointing inland. As 
with all normal tributaries, this therefore 
had been the direction of river-flow. 
Further, the depth of the main buried 
channel of the Mersey was known from 
bores farther east to be considerably 
greater there than the depth proved 
during the excavation of the Railway 
Tunnel. From these three main lines d 
evidence Boswell concluded that the nvet 
responsible for the erosion of the rock 
channel had flowed landwards, not sea 
wards, and that its floor at the site of the 
Road Tunnel would be at any rate no 
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lower than at the Railway Tunnel. The 
deduction turned out to be strikingly 
correct, and so near to rock-head was 
the Road Tunnel driven that at one point 
in the excavation only 3 feet of rock 
separated the tunnel-roof from the bottom 
of the rock-channel. 

Converging lines of evidence are perhaps 
the most usual means of solving a major 
geological problem in civil engineering, 
although approach by analogy, from his 
experience of the surrounding or similar 
terrain, may often be most useful to the 
geologist. As the problems that arise are 
as diverse as geology itself, and the situa- 
tion different to a greater or less extent 
in every Case, experience is undoubtedly 
amain asset for success. 


In conclusion, I may perhaps venture 
toadd a few words concerning the investi- 
gator himself. It is common knowledge 
that discovery waits upon the coincidence 
of time, place and the man, and of these 
the third is the chief variable. It is a 
pregnant thought that the mental make- 
up of every investigator has some special 
quality of its own, either inherent or due 
to past experience, an individual way of 
looking at things which will, after some 
manner, lead to discovery. However 
often a particular geological circumstance 
may have been considered by others, a 
new mind often makes progress which has 
been denied to its predecessors. But the 
capacity in the human mind of creating 
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* newness ’ is not in itself enough. I would 
say that two other fundamental qualities 
are required for all research. One of 
these is the power of self-criticism, and 
here it seems fitting to quote a remark 
made by Faraday: ‘The world little 
knows how many of the thoughts and 
theories which have passed through the 
mind of a scientific investigator have been 
crushed in silence and secrecy by his own 
severe criticism and adverse examination.’ 
Perhaps in no science is the need for self- 
criticism so insistent as in geology. In 
the field and laboratory the geologist is 
constantly being faced with problems of 
the most exacting kind and situations in 
which he must deal drastically with 
preconceptions of his own or of others, 
if these are not to prove his masters. With 
this quality the second is closely linked, 
namely, the desire for truth, at all costs. 
So, finally, I should like to recall a verse 
written by Arthur Hugh Clough, which I 
found copied out in a notebook of a rela- 
tion of his, the late Dr. C. T. Clough, 
whose single-minded devotion in the pur- 
suit of truth for its own sake was the most 
outstanding quality of one of the finest 
geological mappers the world has had. 


‘It fortifies my soul to know 
That, though I perish, Truth is so; 
That howsoe’er I stray and range, 
Whate’er I do, Thou dost not change. 
I steadier step when I recall 
That, if I slip, Thou dost not fall.’ + 
1 Delivered Sept. 8, 1952. 
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SOME PROBLEMS OF PARTHENOGENESIS 


Address by 
Pror. A. D. PEACOCK 


PRESIDENT OF SECTION D 


IT 1s an honour to be your President ; for 
this mark of your goodwill, of which I am 
acutely sensible, I return my best thanks. 
In part-service lies this Address, the sub- 
ject of which I chose—not selfishly, I 
hope—because it has interested me for 
thirty years. Nevertheless, I feel sure it 
also has much of interest for the layman ; 
certainly it has claims for much considera- 
tion by biologists, in their teaching and 
research alike. I therefore take this 
occasion, as one object of my Address, to 
indicate promising lines of work, to 
apprentice and journeymen biologists 
particularly. 

The subject is wide, this gathering 
(without disrespect), heterogeneous ; these 
constrain me to present a mere sketch non- 
technically, thus risking over-simplifica- 
tion. Also, time is limited ; so once for 
all, I raise the lecturer’s cri du ceur ‘ Time 
does not permit.’ 

Parthenogenesis, virgin birth, means the 
production of offspring from a_ repro- 
ductive cell, usually the female gamete, 
without the concurrence of a gamete of 
the opposite sex. The definition is care- 
fully framed because male partheno- 
genesis occurs in certain algae whose male 
and female gametes differ little from one 
another, in contradistinction to the ex- 
tremes seen in the minute spermatozoon 
and the large egg of animals. 

Female parthenogenesis is of two dis- 
tinct types, one resulting in male-produc- 
tion (arrhenotoky) and the other, in 
general, female-production (thelytoky). 
Both sexes are produced in certain cases 
(deuterotoky, amphotoky) but though 
this appears exceptional the explanation 
(see later) does not invalidate the general 
rule. To simplify terminology in this 
context the terms arrhenotokous and 
thelytokous are used as implying respec- 


tively male- and female-producing par. 
thenogenesis, and the terms parthenogonic 
and parthenogone for parthenogenetically 
produced and an organism so produced. 

Arrhenotoky occurs in wheel animal. 
cules, saw-flies, bees and their allies, thrips, 
mites, scale insects and a Micromalthus 
beetle. The males are impaternate and 
produced unisexually, instead of bisexu- 
ally as is general in animals. (Hence the 
caption in a New York paper, referring to 
a note on saw-flies I read in 1924 to 
Section D in Canada : ‘ Pity poor saw-flies; 
have mothers but no fathers.’) Thelytoky 
reaches its complete expression when it 
is the exclusive, obligatory method of re- 
production as exploited notably among 
rotifers, water-fleas and insects. 

The true nature of parthenogenesis can 
only be appraised by study of partheno- 
genetic and bisexually produced eggs. 
The nuclei of ripe sex cells (gametes), 
by comparison with those of the body 
(somatic) cells, contain only half the 
number of chromosomes, bodies that are 
the main physical basis of heredity. This 
is a provision whereby at fertilisation the 
gametes with the reduced or ‘ haploid’ 
chromosome number co-operate to pro- 
duce an organism whose cells possess the 
double or ‘ diploid ’ chromosome number. 
An unfertilised haploid egg of a bisexual 
species normally cannot develop because 
viability depends upon a certain physio- 
logical relation between the nucleus and 
the surrounding cytoplasm. This rela- 
tion, designated K/P, exists when the 
chromosome number is diploid. However, 
certain parthenogenetic haploid eggs are 
viable, in arrhenotoky straightway pro- 
ducing haploid males, but in thelytoky, 
by a special process of doubling the 
chromosome number, diploid females. 
This ‘ regulation ’ of chromosome number 
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needs description. The nucleus of the 
mother cell of the egg contains two hap- 
loid sets of chromosomes, one of maternal 
and the other of paternal origin, each 
chromosome thus having a counterpart 
(homologue). In the ripening of the egg 
maturation) the cytoplasm of the cell is 
divided into two unequal cells, one the 
gcond oocyte, the other the small polar 
body ; further, the partner chromosomes 
separate so that each of the two cells 
contains a haploid set of homologous 
chromosomes. At a certain stage the 
chromosomes are circularly arranged as if 
onaplate. Next, each of these cells divides 
and each of the chromosomes splits into 
two identical daughters which part com- 
pany so that one haploid set is contained 
in the ripe egg cell and in each of the three 
polar bodies. This series of events is 
called meiosis. Normally the unfertilised 
haploid egg dies. In thelytoky, however, 
the egg, or in some species the haploid 
cells of the organism developing from it, 
have somehow become endowed with the 
power of retaining or restoring the diploid 
number of chromosomes. In the first 
case, according to species, the first reduc- 
tion division has vanished or one of the 
plates of polar-body chromosomes is 
retained ; in the second case the chro- 
mosomes of the haploid set each reproduce 
themselves, split into two daughters, and 
all remain in the cell. The upshot, in 
any event, is that diploidy is obtained. 

Some organisms in the course of evolu- 
tion have, however, acquired multiple 
numbers of chromosome sets, and are 
polyploid. For example, in tetraploid 
cases the gametes contain two sets of 
chromosomes and are not therefore hap- 
loid ; similarly for ‘ even-number ’ poly- 
ploidy the number of gametic sets is half 
the somatic number: maturation, how- 
ever, remains the same. The special cases 
of odd-number polyploids need not be 
considered here. 

In regulation nature is a conjurer per- 
forming vanishing and balancing tricks 
with plates of chromosomes. 

This Address centres round three major 
themes : cyclic parthenogenesis, hetero- 
gony, the alternation of the partheno- 
genetic and bisexual modes of reproduc- 
tion; sex determination ; and artificial 
parthenogenesis. But first, however, the 
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increasing toll of new cases of partheno- 
genesis reported merits some attention. 

The only main groups in which par- 
thenogenetic phenomena are now un- 
known are protozoa, sponges, polyzoans, 
lamp-shells, sea squirts and reptiles, for 
recently these phenomena have been dis- 
covered in earthworms, embiids, book-lice, 
beetles, moth-winged flies and spiders, all 
previously unknown or dubiously known 
as being parthenogenetic. 

For earthworms, Gavrilov (1939) re- 
ported that a species of Eiseniella was 
parthenogenetic, a conclusion which 
Muldal (1952) in England has _ enor- 
mously extended. Obligatory partheno- 
genesis is reported from five genera which 
show triploidy, tetraploidy and deca- 
ploidy, and all the polyploids are larger 
than their nearest diploid relatives. Fac- 
ultative parthenogenesis was also found 
in a tetraploid species. These cytological 
observations mark one of the greatest 
advances in the study of earthworms since 
the publication, seventy years ago, of 
Darwin’s famous treatise. 

Thelytoky is reported for the first time 
among moth-winged flies, in Psychoda 
Severint var. parthenogenetica, by ‘Tonnoir 
(1920). 

Geographical parthenogenesis, so suc- 
cessfully studied by Vandel (1931, 1940), 
refers to the co-existence within a species 
or genus of respectively two races or species, 
one of which reproduces bisexually and 
the other parthenogenetically, the two 
groups occupying different habitats and 
differing cytologically, the partheno- 
genetic form often being polyploid by 
comparison with the bisexual. Interest 
in this increases. The bag moth Solenobia 
triquetrella, intensively studied by Seiler 
(1949), comprises three distinct races : 
(1) diploid and bisexual, (2) diploid and 
parthenogenetic, (3) tetraploid and par- 
thenogenetic, and there seems no doubt 
that the first gave rise to the second and 
the second to the third. In Switzerland 
the first and second races are restricted 
to ice-free pockets bordering the glaciers 
but in regions which the Quaternary 
glaciers did not cover. The tetraploid race, 
however, is found all along the Alps 
and in Central Europe, and is evidently of 
recent origin and of post-Quaternary dis- 
tribution. Its success in adapting itself 
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to hard conditions is doubtless due to its 
polyploidy, as in other cases illustrating 
geographical parthenogenesis. A truly 
remarkable coincidence is seen in Suoma- 
lainen’s (1940) findings on weevils, several 
species of which exist in two races, one 
diploid and bisexual, the other polyploid 
and parthenogenetic. In Alpine species 
the bisexual race is limited to the com- 
paratively warm valleys which surround 
the mountains and were never under 
Quaternary ice whereas the partheno- 
genetic race has occupied the central 
Alpine region. Seiler and Suomalainen, 
due to the War, were unaware of each 
other’s work, a fact intensifying the 
interest of their discoveries. 

The East Indian wood-louse Nagara 
modesta, as Hill (1948) shows, exists as two 
races on different islands, one form bisex- 
ual, the other thelytokous and tetraploid. 
The grasshopper Sago pedo studied by 
Matthey (1948) shows similar phenomena. 

Paedogenesis, parthenogenetic reproduc- 
tion by a pre-adult, has long been known 
in gall midges. Their cytology is remark- 
able because chromosome elimination 
occurs during development (see Reit- 
berger, 1940 and White, 1945). The 
germ line of both sexes of Miastor metraloas 
contains 48 chromosomes but 12 and 6 
only in the female and male soma respec- 
tively (White). During development 36 
chromosomes are eliminated from the 
somatic nuclei and females develop ; and 
42 when the males of a sexual generation 
develop. 

Facultative or accidental partheno- 
genesis (tychoparthenogenesis), by which 
diploid parthenogones are produced in 
a diploid bisexual species, plays no 
part in the reproduction of that species. 
Another specialisation, recorded by 
Swann and Mickey (1947), is, however, 
seen in the facultative thelytoky of the 
North American grasshopper Romalea 
microptera, the tissues being predomin- 
antly haploid. Here may be _ noted 
Fankhauser’s (1938) rearing of a haploid 
female newt by artificial parthenogene- 
sis. Haploidy in bisexually-reproducing 
species does not then always imply non- 
viability. 

The cytology of the honey bee, for 
forty years rather puzzling because of 
Nachtsheim’s descriptions of clumped 
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chromosomes, has been further resolved 
by my colleagues Sanderson and Halj 
(1948). They find no such chromosome, 
and it would appear that the chromosome 
clumping described was due to the 
techniques employed. In general, bee 
gametogenesis is seen to follow that 
described for other hymenoptera such as 
saw-flies. A distinctive chromosome jy 
germ cells of the male, two such in the 
female, were also noted but these workers 
(1951) desire much more _ information 
before agreeing that these bodies are sex 
chromosomes, as is the view of Manning 
and Kerr. 

Rudimentary parthenogenesis in the 
gall wasp Biorrhiza pallida, from unpub- 
lished work by my colleague Dr. Ann 
Sanderson, is characterised in virgin eggs 
as follows: in the first few hours after 
laying, two groups of chromosomes are 
seen, as in the fertilised egg ; later, up to 
two or three days, up to ten large and 
polyploid nuclei develop, but thereafter 
degeneration supervenes. 

Pseudogamy, in which the spermato- 
zoon activates the egg but whose nucleus 
does not fuse with the female’s, has been 
known in few cases. Now Lepori (1950) 
adds the case of the hermaphrodite flat- 
worm Polycelis nigra, of which in Italy 
there appear to be di-, tetra- or octoploid 
forms. Hybridisation between the moths 
Selenia bilunaria (females) and S. tetra 
lunaria males has resulted in Harrison 
(1933) obtaining a few pure S. bdilunana 
females, possibly a case of ‘ expedited’ 
parthenogenesis, as S. bilunaria eggs some- 
times show rudimentary parthenogenesis. 

Parthenogenetic merogony, the develop- 
ment of egg-fragments, has been induced 
in an Arbacia sea-urchin by the American 
worker Dr. Ethel Harvey (1936). Centri- 
fugalized before the disappearance of the 
nuclear membrane, the eggs divided into 
spherical halves and quarters, and those 
without nuclei, activated by hypertonic 
sea-water, developed into blastulae (one 
with 500 cells) and, in one case, into an 
embryo sans gut, sans anus, sans skeleton. 
These findings raise fundamental issues. 
The cytoplasm is evidently of great im- 
portance in determining at least the early 
stages of development ; but whether its 
power is innate, or derived from material 
received from the nucleus previous to or 
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atthe time of the breakdown of the nuclear 
membrane, is still an open question. 

We come now to our main themes. 
(ydlic parthenogenesis, heterogony, con- 
notes the alternation of bisexual and 
arthenogenetic modes of reproduction. 
The phenomenon is seen in wheel animal- 
cules (Rotifera,) water-fleas (Crustacea 
Cladocera), plant-lice (Aphididea), gall 
mats (Diptera Cecidomyidae) and gall 
wasps (Hymenoptera Cynipidae). In 
ertain rotifers and water-fleas the cycle 
gecurs once Or more annually with such 
wriking regularity that earlier observers, 
eg, Weismann, considered the cycles 
obligatory and rhythmic, that is, deter- 
mined solely by hereditary factors. ‘This 
view is now discarded as experimentation 
shows environmental factors to be of 
primary importance. The problem today 
concerns the réle of such factors. Until 
recently, experimental results showed such 
variety and wide discordance that no 
definite conclusions could be formulated, 
the explanation being the impossibility of 
comparing results obtained from a diver- 
sity of species subjected to a diversity of 
techniques themselves imperfect. The 
problem became soluble only when 
accurate knowledge of the heredity of the 
lving material and of the operating 
environmental factors was available ; and 
this, in turn, had to await the develop- 
ment of refined techniques involving 
strains of organisms genetically pure and 
culture media suitable for the experi- 
mental animals and the micro-organisms 
forming their food. 

Work on water-fleas by Banta (1939), 
initiated about 1914 in the U.S.A., de- 
serves first mention. His culture medium 
and culture technique do not satisfy pre- 
sent standards but convincing results were 
nevertheless obtained. Constant partheno- 
genesis was maintained in Daphnia pulex 
for many years and through 767 gen- 
trations, a family history far  out- 
nvalling that of the ‘ penniless lass wi’ a 
lang pedigree.’ No obligatory, rhythmic 
hereditary tendency therefore operated 
0 override the effect of environmental 
actors and so induce bisexual reproduc- 
lon. The induction of males and of 
bisexual reproduction could however be 
invoked in any generation of a long strain 
y the environmental factors coming into 
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operation when parthenogenetic females 
were overcrowded. ‘The operative factor, 
Banta considered, was the excess of 
excretory products accumulated in the 
culture bottles. Banta’s explanation is 
not confirmed by recent workers but his 
conclusion that heterogony depends upon 
environmental factors is correct in the 
main. 

Recent admirable researches, exploiting 
the most refined and satisfactory tech- 
niques, are those of German workers : 
Hans Buchner (1936) on rotifers and 
Madeleine von Dehn (1944) on water-fleas. 
Their results, combined with those of 
certain earlier workers, permit the fol- 
lowing conclusions on rotifers and water- 
fleas. (When a group is not mentioned it 
is meant that information on a particular 
point is lacking for that group.) 

1. Continuous parthenogenesis can be main- 
tained. It is possibly the usual method 
of reproduction in certain heterogonous 
rotifers (Buchner). 

2. Co-existence of bisexual reproduction and 
heterogony is regarded as obtaining in 
rotifers (Buchner) as a low percentage of 
males in control, stem and experimental 
cultures always occurred. Hence no com- 
plete switch-over from parthenogenesis to 
bisexual reproduction is likely. 

3. Environmental factors determine the cycle 
in both rotifers and water-fleas, there 
being no hereditary mechanism operating 
in a fixed and rhythmic manner. 

4. Quality of food is the main factor known 
to induce bisexual reproduction in rotifers and 
water-fleas. Light deficiency associated 
with food deficiency, and darkness also, 
are effective to a certain extent in water- 
fleas. No effects were obtained by tem- 
perature or excretory products in both 
rotifers and water-fleas. Further, quantity 
of food, light and air humidity were 
inoperative in rotifers, as was over- 
crowding in water-fleas. 

Regarding quality of food Buchner 
comments that it must obviously vary 
because, according to their age and 
sexual condition, the food organisms must 
vary physiologically. Any type of waxing 
and waning of the operative agent would 
produce periods of strong or weak sex- 
uality in the rotifers. The fatstuff con- 
tent of food has recently been shown as 
important by von Dehn (1950). 
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5. An inherent maximum potentiality for 
bisexuality (Reaktionsnorm) is a physio- 
logical character fixed at a certain level 
for each race of a rotifier species and vary- 
ing from race to race. Rhythmic varia- 
tion of the strength of the norm may 
possibly occur though Buchner found 
only one rare case. 

6. The level of bisexuality attained 
(Bisexualitatsgrad) in a line or race of 
rotifiers depends upon the strength of the 
environmental factors and of the factor 
determining the maximum potentiality 
for bisexuality, the former operating until 
a level is reached at which the latter 
imposes its effect. 

7. Obsolescence of the terms ‘ cyclic bisex- 
uality’ and ‘ alternation of generations’ is the 
case with reference to rotifiers. The former 
term must be abandoned because its 
original connotation, the fixed and rhyth- 
mic appearance of bisexual forms (mictics) 
no longer holds. The latter term has also 
lost its original meaning because, as a 
rule, generations having different sexual 
tendencies do not give rise to one another. 
What remains of its meaning is seen in the 
fact that the fertilised resting egg gives rise 
to a parthenogenetic generation. 

Among gall gnats (Diptera Cecido- 
myidae) heterogony may co-exist with 
paedogenesis, and Ulrich (1934) finds in 
Oligarces paradoxus features similar to those 
recorded for rotifers and water-fleas. Con- 
tinuous parthenogenesis by paedogenetic 
larvae for 263 generations has been 
maintained under constancy of environ- 
mental conditions, the bisexual adults 
appearing only when larvae were sub- 
jected to changes in the milieu involving 
light, temperature and crowding. No 
rhythmically-operating hereditary factors 
have so far been discovered. 

In plant-lice (Aphididae) the réles of 
hereditary and environmental factors 
require further investigation, but it would 
appear from Davidson’s work (1929) on 
the bean aphis, Aphis fabae, that the latter 
are certainly important. In this species 
the sexuals and their offspring, the stem 
mothers (fundatrices), are found on a 
primary host in autumn and the diverse 
parthenogenetic forms of successive gene- 
rations on an intermediate host in the 
spring and summer. Davidson used the 
spindle tree (Euonymus europaeus) as pri- 


mary host and the broad bean (Vicia faba 
as intermediate. By rearing one type, the 
alienicolae, of the parthenogenetic forn; 
on broad beans grown all the year roun( 


in a greenhouse under suitable condition; | 


of temperature and light, continuoy 
parthenogenesis was maintained, th 
longest period being nearly three year 
and the number of generations 50. Qh 
reduction of the number of hours of day. 
light to which colonies were exposed from 
the fundatrix stage onwards, sexual female 
developed earlier than normally, in June 
though males did not appear until the 
normal time, October. Lowering of tem. 
perature also induced sexuals out of 
season. The effect of nutrition, due 
possibly to the host-plant being affected 
by these changes in light and temperature, 
was not determined. 

Whether an inherent fixed maximum 
potentiality for bisexuality exists, as in 
rotifers, is another problem in partheno- 
genesis. The general situation in plant- 
lice appears to be that heterogony i 
characteristic of species of temperate 
regions ; that the more primitive the 
species the greater the influence of external 
factors, the more labile the cycle ; that 
the more complicated the life-cycle the 
less this influence, until in forms with 
almost rigid life-cycles, e.g. Phylloxera, the 
vine pest, and the gall-forming Chermes of 
conifers, the appearance of sexuality i 
predominantly due to hereditary factors. 

Regarding gall wasps no such investi- 
gations as described above have been 
made, but from certain similarities of habit 
it would not be surprising should cond: 
tions parallel those found in plant-lice. 

We come next to our second main 
theme. Sex determination in arrhenotoky 
has long been a problem as it is unex 
plained by the theory of genic balanc 


which holds for most bisexual organist. | ; 


This theory formulates that the sex of an 
organism depends upon conditions set up 
between two special (sex) chromosomé, 
‘X’ and ‘ Y,’ and the other chromosomé 
(autosomes), ‘A’, of the cell. The diploid 
constitution of the female is 2A + XX; 
that of the male 2A + XY, the Y chrom 
some being a homologue of an X an 
special to the male. Eggs are therefor 
all of the same constitution, A + X, but 
spermatozoa are of two kinds, A + X and 
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A+Y. Sex determination therefore de- 
nds upon whether the egg receives an 
ora Y spermatozoon. In thelytoky, the 

eneral rule being that the eggs are all of 

one kind, only females arise by partheno- 
genesis. Where both sexes in a diploid 
pisexual species are produced by partheno- 
genesis (deuterotoky), as in moths, it is 
the female that produces gametes of two 
kinds and, therefore, both male and female 
parthenogones. In arrhenotoky mothers 
of constitution 2A + XX produce hap- 
oid parthenogones of constitution A + X ; 
the genic balance is undisturbed so that 
one would expect female offspring instead 
of, as they are, male. The riddle was 
slved by the Whitings in the U.S.A. for 
the little parasitic wasp-like ichneumon 

Habrobracon juglandis, an important clue 

being the discovery, about thirty years 

ago, of rare diploid males (Whiting, 

1945), arising when closely related stocks 

were interbred. Their spermatogenesis 

issimilar to that of haploid males, their 
sermatozoa are diploid and, genetically, 
they do not behave as normal diploid 
organisms but, we may say, as di-haploids. 

They also show that maleness in arrhe- 

notoky is not necessarily a consequence of 

haploidy. 

Whiting’s multiple-allele theory of sex de- 
termination in hymenoptera is based on the 
genetics of normal males showing certain 
mutant traits, diploid males and normal 
females. The results of ingenious breeding 
experiments justify the following inferences. 
A sex segment, x, lies in a certain chromo- 
some and exists in a number, nine so far 
known, of slightly modified forms (alleles), 
which may be designated xa, xb, xc . . . Xt. 
This sex segment comprises many domin- 
ant female-producing genes and recessive 
male-producing genes responsible for the 
humerous sex differences. ‘The sex of an 
individual depends upon which alleles 
are present, that is, on their comple- 
mentary action. Dominant and _ reces- 
sive genes also lie on either side of the 
sex segment. A female, being diploid, 
possesses one each of two such different 
alleles, xa/xb or xb/xc, etc. and is hetero- 
Zygous ; its parthenogonic male offspring, 
ing haploid, can be expressed xa or xb 
or xc, etc.; and the rare diploid male, 
¢ offspring of a pairing, is xa/xa 
or xb/xb or xe/xc, etc., making it homo- 
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zygous. Thus in a pairing between an 
xalxb female and an xa male the female 
parthenogenetically would produce indi- 
viduals expressible as xa and xb—males, 
and bisexually, individuals xa/xa—diploid 
males (rarely viable) and _ individuals 
xa|xb—females. 

In the different hereditary types (geno- 
types) females are heterozygous dominants 
for many of the sex genes ; conversely, the 
rare diploid males are homozygous and 
the functional haploid males azygous, 
both showing more of the recessive traits 
determined by the male-producing genes. 

We may regard the Whiting theory as 
one of the greatest steps in hymenopter- 
ous studies since the time of the great 
bee-master, Pastor Dzierzon, who showed 
in 1845 that in the honey bee unfertilised 
eggs give rise to males and fertilised to 
queens and workers. (See v. Siebold, 
1857.) Further it is the most satisfactory 
explanation to date of sex determination 
in other arrhenotokous groups. 

Another outstanding example of the 
impact of parthenogenesis research on 
general biological problems is seen in the 
results of the Seiler school in Switzerland 
on intersexuality and sex in Solenobia 
moths. This work must be seen against 
the background of Goldschmidt’s (1923) 
brilliant researches on the Gipsy Moth, 
Lymantria dispar. ‘Throughout Europe and 
Asia there exist different races of this 
moth and according to the type of racial 
crossing Goldschmidt obtained inter- 
sexual offspring, ranging from females 
slightly masculinised to males slightly 
feminised. Racial inbreeding produces 
normal offspring, which, arguing from the 
obvious fact that intersexes carry the sex- 
determining substances of both sexes, 
implies that normal organisms of both 
sexes also carry the sex-determining 
substances of both sexes in harmonious 
relationship. If F represents the female- 
determining and M the male-determining 
substances the female, with F substances 
predominating, can be symbolised as 
F <M, and, conversely, the male as 
F>M. An intersex results when the 
normal quantitative relationship between 
F and M is disturbed, such as occurs when 
the male and female gametes pertain to 
different races. From the study of the 
abnormal, Goldschmidt thus explains the 
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normal. Regarding intersexuality Gold- 
schmidt formulated his ‘ Zeitgesetz’ or 
time law. This will be considered along 
with the Seiler findings. 

From Seiler’s labours (1949) on Sole- 
nobia triquetrella representative evidence 
on intersexes comes from crossings be- 
tween females of the tetraploid partheno- 
genetic race and diploid males of the 
bisexual race. Now one of the excel- 
lences of this work is that values have 
been assigned to these intersexes by 
measuring the maleness and femaleness 
observable in many of their organs. 
Crossings involving these females from 
different localities gave all grades of inter- 
sexuals ; the grade differed from crossing 
to crossing, evidence that the tetraploid 
parthenogenetic race comprises geogra- 
phical sub-races. A most remarkable 
feature, however, was that from certain 
pairings all grades of intersexes were 
found in individual broods and not, as 
might be expected, one-grade intersexes. 
From evaluations of individual intersexes 
three critical points arise: (1) all organs 
in general exhibit the same grade of 
intersexuality ; (2) the same grade of 
intersexuality exists in pupa and imago ; 
(3) no wild disorder of grades of inter- 
sexuality exists within an intersex at any 
stage and therefore there is strong pro- 
bability that the grade of intersexuality, 
and the sex, of an individual moth is 
determined possibly in its embryonic, at 
the latest in its larval, stage. Seiler’s 
important interpretations and their points 
of difference with Goldschmidt’s may now 
be cited : 

1. Time and mode of action of the sex 
factors. Both F and M operate simul- 
taneously right throughout the develop- 
ment of the intersex and, contrary to 
Goldschmidt, not successively and by one 
gaining ascendancy over the other. 

2. Grade of intersexuality. Each intersex 
begins and continues at the same grade; 
there is no switch-over from one sex to 
the other as Goldschmidt supposes. 

3. The nature of an intersex. An intersex 
is a mosaic of female and male organs all 
of which, in general, possess the same grade 
of intersexuality right from the beginning 
of their development ; it is not, contrary 
to Goldschmidt, a mosaic comprised of 
the early-developing organs of one sex 


and later-developing organs of the oth, 
sex. 

4. How different broods come to differ 
their grade of intersexuality. This occuy 
after crossings of males of the same origi 
and hereditary (genetic) nature wit 
tetraploid parthenogenetic females ¢ 
differing origin. Some broods obtaing 
comprise female-like intersexes, other 
comprise male-like intersexes, so thy 
obviously the parthenogenetic femak 
parents of differing origins must hay 
differed genetically. This recalls Gold. 
schmidt’s findings of genetically differen 
races of Gipsy Moth. 

5. How all grades of intersex come to y 
Sound in the same brood. This is a crucidl 
discovery. The genetical constitution ¢ 
the hybridising individuals was known ty 
be fixed, so that if genetical factors alon 
operated all the offspring in each ind: 
vidual brood would be hereditarily iden. 
tical. As, however, all grades of intersexts 
arose, the only explanation left is tha 
other factors, called phenotypical, cam 
into play and modified the effects of th 
hereditary factors. In other words, wes 
an example of how the outward appea: 
ance of an organism (the phenotypicd 
condition) does not necessarily reflect 
the hereditary make-up (the genotypicd 
condition). The nature and modes ¢/ 
action of these phenotypical factors art 
unresolved problems. 

Seiler’s position may be summarised 
thus. Goldschmidt’s theory of sex deter 
mination is held to be correct, as is the 
view that the different grades of inter 
sexuality in the Gipsy Moth are cont: 
tioned essentially by hereditary factors. 
But as regards intersexuality, Gold 
schmidt’s ‘time-law’ interpretation 1 
held invalid, as it fails to explain suc 
Solenobia findings as the occurrence i 
individual broods of intersexes of varyini 
grade and the uniform grade of inter 
sexuality throughout the organs of ind: 
vidual intersexes. In an intersex the! 
and M factors are in a certain fut 
relationship throughout its life-history. 

We turn now to researches on 
cial parthenogenesis. A natural develoy 
ment of these, one might expect, woul 
have been the establishment of parthent 
genetic strains derived from artifid 
parthenogones. Such has not occ 
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the best explanation probably being that, 
ike the expert photographer on obtaining 
first successful print, researchers simply 
st interest in the original matter. Once 
a new thing is disclosed, a veritable dia- 

ra occurs among its investigators ; each, 
cording to need or fancy, goes chasing 
hisown hare—and rightly so. Hence, out 
of the discovery of artificial partheno- 
enesis, arose new ideas on reproduction, 
gtology, cell physiology, biophysics and 
biochemistry. 

The solitary example of a partheno- 
genetic strain stemming from artificial 
parthenogones is recorded by the Russian 
worker Astaurov (1936) for the silk moth, 
three successive parthenogonic genera- 
tions being obtained. The activating 
technique consisted of subjecting unferti- 
lsed ovarian or newly-laid eggs to 
increased temperature. 

The next most successful results are 
limited to young frog parthenogones 
advanced enough to be sexed. In his 
early pioneer work Loeb obtained by 
needle traumatisation 46 metamorphosed 
tadpoles and another 68 tadpoles. Of a 
batch of 9 metamorphs 7 were male and 
2 female ; in a second batch of 34 well- 
developed tadpoles (including 1 meta- 
morph) 12 were male, 2 were changing 
towards maleness, 18 were female and 
2were doubtful ; in a third batch of 21, 
3 could be recognised as female. Later 
needle traumatisation work, 1933, by 
Parmenter (1940) yielded 26 tadpoles, of 
which 5 metamorphosed, the ages of the 
parthenogones varying from three to 
seventeen months. The explanation of 
the production of both sexes is too com- 
plicated for discussion here. 

By cytological standards a good pro- 
portion of these parthenogones were 
normal, for they were diploid : 15 meta- 
morphs and 35 tadpoles (Loeb) ; 5 meta- 
morphs and 4 tadpoles (Parmenter). 
The range of cytological conditions dis- 
closed by Parmenter in 26 frog tadpoles 
was remarkable ; haploids, 10; diploids, 
9, of which 5 metamorphosed ; haploid- 
diploid forms, 4; diploid-triploid forms, 
1; diploid-triploid-tetraploid forms, 1 ; 
and triploids, 1. 

A few young adults, unsexed, have also 
been obtained in a starfish, sea-urchins, 
and a fish, Regarding the starfish Aster- 
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ias glacialis, studied by Delage (1902), 
there is evidence from Paul Buchner 
(1911) that parthenogones were diploid 
and normal. Parthenogones of the sea- 
urchins Strongylocentrotus lividus, obtained 
by Delage (1913), and Echinus esculentus, 
obtained by Shearer and Lloyd (see 
Vandel, 1931), from our present small 
amount of knowledge are haploid, and it 
is interesting that some of the earliest 
evidence came from Dr. Hindle (1911), 
till recently a General Secretary of the 
British Association, then a junior col- 
league of Jacques Loeb. By a ‘ bizarre’ 
experiment, in which carp eggs were 
stirred in human saliva, Kasansky (1935) 
has obtained adults 84 months old, 
normal to all appearance. 

The greater success attending the silk 
moth experiments is probably due to the 
insect’s terrestrial habit: the larval and 
later stages are much more easily reared 
as their milieu, by comparison with the 
aquatic, is much less complicated and 
susceptible of change, and the problem 
of their feeding is simpler. 

Loeb (1913) in the U.S.A., in 1899 was 
the first to obtain advanced larvae from 
artificially activated sea-urchin eggs, 
using magnesium chloride in sea-water. 
Likewise, Bataillon (1910) in France, in 
1910, was the first to obtain living tad- 
poles by pricking frog eggs with a blood- 
or lymph-soiled needle, reviewed under 
the title ‘The new Aaron’s rod’ by a 
former President of this Section. We all 
know (or do we ?) that the rod of Aaron 
budded, but how many remember that 
the rod in Aaron’s hand was stretched 
out over the waters of Egypt ‘and the 
frogs came up and covered the land of 
Egypt.’ The reviewer? Who but D’Arcy 
Thompson. 

Since Loeb’s success there have been 
exploited at least 371 methods—I have 
counted them—45 physical, 93 chemical, 
64 biological and 169 combined, not to 
speak of variations innumerable. Every 
agent common in the physics, chemical, or 
biological laboratories seems to have been 
tried, as well as onion juice and mustard 
from the kitchen. The animal groups 
and species in which parthenogenetic 
phenomena have been induced number 
about 9 and 70 respectively. With the 
exception of insects, ticks and mammals, 
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all are aquatic and comprise ribbon 
worms, bristle worms, molluscs, starfish, 
sea-urchins and fish, as well as freshwater 
fish and amphibians. 

The cardinal question concerning natu- 
ral fertilisation and parthenogenesis is acti- 
vation. In other words, what is the process 
that sets going that most marvellous thing 
in nature, the development of a new living 
thing. It was natural that investigations 
on phenomena revealed in the egg by 
artificial treatments and on those revealed 
by sperm fertilisation should become com- 
plementary. Living material has been 
obtained principally from marine worms, 
frogs, and par excellence from Arbacia sea- 
urchins, which are singularly favourable, 
being plentiful and prolific of gametes 
lending themselves easily to experiment. 
This came home to me recently when 
I was privileged to occupy the British 
Association table at the Stazione Zoolo- 
gica, Naples; of some forty researchers 
there from several nations a third were 
doing things to or with Arbacias. Arbacia 
is assuredly the marine experimenter’s 
Drosophila. 

Despite the work of half a century, 
activation still remains an enigma. How- 
ever, the labours of R. S. Lillie, Runn- 
strém, Tyler and others (see Tyler, 1941 ; 
also Munroy, 1950), have shorn the pro- 
blem of side issues so that investigations 
can now be concentrated more on the 
surface layer (cortex) of the egg, and not 
on the outer layers which, essentially, are 
ancillary specialisations concerned with 
protecting the egg and with fertilisation 
phenomena occurring outside the egg 
proper. The outermost layer, the egg 
jelly, proves to be concerned with the 
activation, attraction, and penetration 
of the sperm, and with the exclusion of 
superfluous sperms. The layer within, 
the vitelline membrane, after insemina- 
tion of the egg, becomes the fertilisa- 
tion membrane when incorporated with 
granules secreted and freed from the 
cortex. Inner again is the cytoplasmic 
or hyaline membrane, so little studied that 
it invites research. The cortex is the first 
living part to encounter environmental 
stimuli. 

Activation being polymorphic, two pos- 
sibilities arise regarding the ‘ touch-off’ 
of the series of processes constituting de- 
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velopment: the egg may possess eith 
a number of critical ‘ touch-off’ 
stances, only one of which reacts ty, 
particular agent or agents, or only mp 
such substance sensitive to all agen, 
The problems here implied await solutiq, 
On activation there occur in the eg 
many physical and chemical changes, }y 
most of these need not be considered hey 
as they are mainly associated with th 
metabolism of development. Wheth 
activation is solely due to cortical pre 
cesses is by no means certain though a 
investigation indicates their major im. 
portance. But some idea of corticd 
events, at least for sea-urchin eggs, can bk 
gained by considering observations o 
natural and artificial activation. Th 
idea sketched here is based on rece 
information .gained from the papers ani 
conversation of researchers at Naples, bu 
current investigations proceed so vigor. 
ously that it must be regarded as ver 
provisional. 

The cortex is mostly composed of fas 
(lipids) and at the touch of the sperm « 
on artificial treatment breakdown changes 
(cytolysis) and liquefaction occur. Polar: 
scope observations (see Munroy ant 
Montalenti, 1947) prove the molecular 
disarrangement of the cortex, the agent 
responsible being a known sperm acid 
similar to one causing the breakdown o 
blood (haemolytic). This acid is possibly 
an important component of the sperm 
substance designated Androgamone III. 
That the sperm produces this effect 
chemically is borne out by Kling’s obser: 
vations (1936) that, for frog eggs, a needle 
of the same diameter as a sperm is not 9 
activating in function as a needle 0 
greater diameter. The cortex recover, 
as the polariscope proves, the explanation 
offered being that the sperm carries 2 
corrective to its cytolytic agent. The 
processes whereby superfluous sperms att 
excluded and the fertilisation membrant 
produced also cause cortical changes, but 
these are not regarded as directly affect 
ing activation. The critical changes i 
volve permeability, whereby substancé 
are enabled to pass in either directiot 
through the cortex, causing alternate ¢g 
shrinkage and swelling, resulting in tf 
arrangements of, and reactions betwee, 
materials in the egg substance. Ont 
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important cause of change in the composi- 
tion and arrangement of the cortex, 
rendering it permeable, is believed to be 
the loss of calcium and, possibly, other 
electrolytes. 

What emerges is Runnstrém’s (1949) 
imple hypothesis of activation by fer- 
ment action. ‘The unactivated egg cortex 
js regarded as containing an inactive 
proenzyme and a kinase whose activity 
is held in check by an inhibitor, a glyco- 
protein known to prevent the action of 
protein-splitting ferments. The sperm, 
among several other substances of differ- 
ent functions, carries to the egg Androga- 
mone II, containing Antifertilizin (Tyler) 
and a basic protein (Runnstrém). On 
insemination the basic protein binds 
the inhibitor substance of the egg, thus 
freeing the kinase. The free kinase acti- 
vates the proenzyme into an enzyme, 
which, acting on the egg proteins, initiates 
development. ‘This can be expressed as 
follows : 


EGG CORTEX SPERM 


Basic protein of 


Proenzyme +- Kinase. Inhibitor. 
Androgamone II 


Proenzyme + Kinase Inhibitor. Basic protein 


Enzyme activating 
egg proteins 
Runnstr6m’s formula is : 


Inh.K + Inh.P+K 
K 


Ep> E 

Inh = Inhibitor ; K = Kinase ; P = Basic Pro- 

tein; Ep = Proenzyme. 

The basic protein and the enzyme 
mentioned are known to occur though 
their chemical formulae and those of the 
other substances mentioned are unknown. 
But this hypothesis, there is reason to 
believe, may only relate to a phase of 
activation following another involving a 
sulphydride (SH) group. 

Figuratively, the egg, activation and 
development resemble a factory and its 
activities. In the factory some agent 
throws a switch over, energy is released, 
wheels turn, belts move, machines take 
in stuffs to move them about or break 
them up or re-combine them variously. 
Here the simile ends. For, regarding the 
gg, we need to imagine it as a factory 
whose very framework, protein, is alive ; 
whose mechanisms are so minuscule, 
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intricate, delicate and precise as _ to 
transcend anything graven by art and 
man’s device ; whose materials are magi- 
cally labile, mobile, dissolving, interacting, 
and changing; whose climax is self- 
cleavage into two factories, themselves 
fissile. 

Despite the many difficulties inherent 
in the living material, experimenters have 
not been deterred from attempting to 
obtain parthenogones from mammalian 
eggs, and astonishing results have been 
obtained at the hands of Pincus (1936, 
195la) and co-workers (1951b) in the 
U.S.A., using rabbits, and of Thibault 
(1948-49) in France, using rabbits, rats 
and sheep. Specialised techniques of 
various workers have been exploited. A 
plentiful supply of eggs from mammals 
normally producing few at a time was 
obtained by injecting a pituitary hormone 
which increased ovulation, e.g., 100 and 
more eggs at one time being produced in 
the rabbit. To keep eggs alive outside 
the animal they could be stored for several 
days at refrigerator temperatures. A 
medium of blood serum in watch-glasses 
served for cultures. It being at present 
impossible to rear such cultures for more 
than a few days, the eggs had to be trans- 
planted into a host animal. The latter 
should be in the same physiological state 
as exists in the initial stages of pregnancy 
and this state, called pseudo-pregnancy, 
is induced by administering a pituitary 
hormone or by mating with a male 
operatively treated so that spermatozoa 
cannot be emitted. Yet another tech- 
nique is cold treatment of eggs in the 
Fallopian tube, the tube being exposed 
by dissection and enveloped in a metal 
cylinder through which cold tap-water 
circulates. 

The most extraordinary achievement of 
the Pincus school (1951b) has been the 
development of seven rabbit partheno- 
gones, all female, one of which produced 
a litter of nine after mating. Five of the 
parthenogones were born alive and one 
dead, the seventh went to full term but 
was never born. The living comprised 
three adults and two young. Hypertonic 
treatment (by common salt or other saline 
solution) of oocytes and their subsequent 
transference to pseudo-pregnant foster 
mothers accounted for five animals— 
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three living adults, one stillborn young, 
one young in uterus ; watch-glass culture 
and i vivo cooling treatments produced 
one young each. Pincus draws atten- 
tion to the very low proportion of liv- 
ing parthenogones to oocytes artificially 
treated, about 1: 2500, and how un- 
favourably it compares with the successes, 
up to 100 per cent., obtained after similar 
treatments of sea-urchin eggs. 

Of the less successful results with rabbit 
eggs in the ovary and in the Fallopian 
tube mention need be made of but few. 
Using tubal oocytes subjected to cold in 
situ Thibault obtained a high activation 
rate and a few blastocysts, one of which 
effected fixation in the uterus. Similar 
results eventuated when cold was applied 
to oocytes by the metal-cylinder technique 
and a still higher activation rate by the 
application of ice. Thibault also used 
the tubal oocytes of sheep and rat. In 
the sheep activation and cleavage were 
achieved in situ using cold (ice for three 
minutes), ‘un refroidissement brutal et 
bref.’ Activation, 100 per cent., was also 
observed after similar cold treatment and 
after barbyturic or ether anaesthesia 
caused fall of body temperature, observa- 
tions causing Thibault to sound the 
warning that in interpreting results the 
possible effects of the anaesthetics should 
be borne in mind. 

The cytology of these cases has been 
investigated by Thibault, following on 
preliminary work by Pincus. Regulation 
in the tubal oocytes of both rabbit and 
sheep occurs at the second maturation 
division, when the chromosomes remain in 
the diploid number. No such regulation 
occurs in the rat; maturation runs full 
course. There is much scope, however, 
for further cytological research. 

Regarding the evolution of partheno- 
genesis let us first consider arrhenotoky 
and, arising from it, the issues of the pro- 
duction of haploid spermatozoa, of male 
haploidy, and of haploid-male viability. 
At the outset we encounter the difficulty 
as to whether animals regarded as hap- 
loids are really so. For recent research 
on polyploidy emphasises that the idea of 
diploidy being characteristic of somatic 
cells and haploidy of germ cells requires 
revision. What is considered as_ the 
haploid number may be some multiple 
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of an ancestral basic number (the ‘ mon, 
ploid’ of Whiting). In other worg 
modern haploid and diploid animals ny 
be polyploid by comparison with the} 


remote ancestors and the terms ‘ha} 


loid’ and ‘diploid’ be relative. If ¢hj 
were so it would remove the difficulty ¢ 
how a suitable relation between chrom. 
somes and cytoplasm (K/P) exists ;; 
so-called haploids. However, the folloy. 
ing facts concerning the singular characte. 
istics of males resulting from arrhenotok 
lead to an alternative conclusion. j 

The maturation of the male gamete in; 
normal diploid male parallels that of th 
egg except that four functional haploit 
gametes are formed. Now in arrhen 
tokous species spermatogenesis is peculia 
in that the reduction division is abortive 
so that the number of chromosomes in 
each of the two gametes produced remain; 
the same as in the sperm mother cel 
It is obvious that reduction would resul 
in sub-haploidy of germ cells and woul 
defeat the purpose of fertilisation so tha 
this regulation of chromosome number i 
an adaptation associated with the evolu 
tion of haploid males. How the reduced 
condition and the viability of males have 
originated and evolved are suggested from 
the work on scale insects by the Schraden 
(1931) in the U.S.A. Haploid males ar 
regarded as modifications of diploid mals 


of an originally normal bisexual species, | 


as the result of progressive degeneration 
in one haploid set of chromosomes. At 
one end of a series a certain species of scale 


insect produces normal diploid sperms by | 
at the other} 


normal spermatogenesis ; 
end, in a different species, an entire hap 


loid set has disappeared and the functional | 


haploid set is found in the haploid sperm 
that are produced in only half the normal 
number ; 
show different conditions of such de 
generation. Further, the males of ont 
species even show a degenerating haploif 
set in the body cells and thus are in effec 
haploid. Although these phenomena 4 
not occur in species of a single line d 
descent they can be interpreted as illu 
trating the different stages of degeneracy 
through which the males of a given single 
species passed in their progress from 
diploidy to haploidy ; and, further, that 
viability has depended upon the gradual 
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manner of this degeneracy and not upon 
any parthenogenetic capacity acquired by 
the eggs from which the males originated. 
This interpretation is challenged by 
Whiting (1945), principally on the ground 
that the cytological abnormalities seen 
in the scale insects are seen also in non- 
arthenogenetic organisms, and he offers 


alternatively his race-hybrid hypothesis. 


He suggests that the material which would 
contain the necessary genes for parth- 
enogenesis and which would gradually 
provide the viable haploid male parth- 
enogones could arise from hybridisation 
initially between males of a normal bisexual 
race and females of a parthenogenetic 
race, later between males and hybrid 
females, and later still between members 
of the segregating fraternities. 

With these previous questions runs that 
of the nucleoplasmic relation in haploid 
cells. Explanations remain speculative. 
The appropriate K/P relationship* could 
be established either (1) by diminution in 
the amount of cytoplasm with reduction 
in the size of the egg and the male; or 
(2) by increase in chromosome size. ‘The 
first may conceivably be the case in roti- 
fers where the fatherless haploid eggs (and 
the males arising therefrom) are smaller 
than those produced bisexually. The 
second alternative is favoured by Whiting 
(1945) from, inter alia, observations on 
cell-size in diploid males and on the 
genetics of males of Habrobracon. 

That parthenogenetic forms have origin- 
ated from bisexual forms is evident. 
Parthenogenetic females of numerous 
groups still possess a spermatheca, an 
organ which in normal bisexual females 
of these groups stores the sperms received. 
Morphological resemblances of polyploid 
to diploid races are seen in brine shrimps 
(Artom, 1931), wood-lice (Vandel), moths 
(Seiler) and weevils (Suomalainen) ; 
further, in the wood-lice and moths 
mentioned, the diploid bisexual males 
can pair with the polyploid partheno- 
genetic forms. The abrupt appearance 
of an exclusively female strain in a bisexual 
culture of nematode worms has actually 
been observed by Paula Hertwig (1920). 

€ mutants were not parthenogenetic 
but were peculiar in that egg development 
depended solely upon sperm activation 
without the co-operation of the sperm 
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nucleus. This case demonstrates a stage 
in the evolution of parthenogenesis. The 
next stage, at which the egg acquires the 
further faculty of dispensing with sperm 
activation, has never been observed. 

According to the type of egg, regulation 
can occur either after maturation (during 
development), or at different stages during 
maturation. Now, just as in the acquire- 
ment of any new character, the faculty of 
regulation has been acquired as the result 
of permanent change in the hereditary 
material, that is, of mutation in the 
gene(s) governing the relevant chromo- 
some division. The new genes might act 
at any stage. If at first they acted after 
maturation, and if in the course of evolu- 
tion the genes operated earlier and earlier, 
the stage at which regulation occurred 
would likewise be progressively earlier 
in the development and maturation of the 
egg. Such a course would make thely- 
tokous parthenogenesis haploid in origin. 
On the other hand, in experimental par- 
thenogenesis, where the same type of egg 
or different types of eggs can be made to 
regulate at different stages, results clearly 
indicate the possibility that for different 
eggs mutations affecting different stages 
of maturation has occurred. 

Unfertilised eggs which can develop 
only so far exhibit rudimentary partheno- 
genesis ; this occurs in most great groups 
from worms to mammals. Further work 
will undoubtedly disclose many more 
cases. Non-viability is attributed to the 
facts that the developing egg remains hap- 
loid, has an unsuitable K/P condition and 
has not acquired the faculty of regulation. 

A further stage in the progress towards 
constant parthenogenesis is seen in facul- 
tative or accidental parthenogenesis (tycho- 
parthenogenesis). ‘The numbers of groups 
and species involved are somewhat limited, 
but further work will very probably add 
to the list, which comprises insects— 
grasshoppers, scale insects, moths (includ- 
ing the silk moth), and echinoderms— 
starfish and sea-urchins. Here the ripe 
egg begins with the reduced chromosome 
number, but during development the 
organism acquires the full constitution 
(diploid or polyploid) in its cells by various 
methods of regulation similar to those 
occurring in certain cases of both obli- 
gatory and artificial parthenogenesis. 
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The association of polyploidy and par- 
thenogenesis in several species of animals 
is not regarded as generally one of cause 
and effect; rather, by becoming poly- 
ploid parthenogenetic forms have become 
enabled to people inhospitable regions. 
The idea that the scarcity or disappear- 
ance of males is the cause of partheno- 
genesis is discredited. It is a case of 
parthenogenesis, once acquired, rendering 
males unnecessary, and in the inevitable 
course of nature, their final disappearance. 

Our understanding of the evolution of 
parthenogenesis will become clearer only 
by further research. In this connection 
researches on the viability of haploid 
parthenogones as seen already in the cases 
of a haploid female grasshopper and a 
haploid female newt, will prove of much 
importance. 

The factors in nature that have in- 
duced parthenogenesis are completely un- 
known, though experiment shows physical 
and chemical changes in the milieu to 
be effective. Hybridisation of plants in 
nature, e.g., wild roses and hawkweeds, 
is regarded as significant by botanists ; 
but for animal parthenogenesis what 
little is known relates mainly to crossings 
between two non-parthenogenetic moths, 
Tephrosia crepuscularia and Tephrosia bis- 
tortata, as the result of which Peacock and 
Harrison (1926) recorded hybrid off- 
spring capable of parthenogenetic repro- 
duction. Except for these hints, the 
origin of parthenogenesis remains an 
enigma. 

Parthenogenesis does not preclude the 
evolution of new forms. For example, 
certain water-fleas in nature exist as local 
races, each with special hereditary char- 
acteristics. Again, in parthenogenetic 
laboratory strains mutations and _ their 
inheritance have actually been witnessed 
by Banta (1939). The novelties showed 
* excavated head,’ ‘ short beak,’ sex inter- 
gradedness, great reactivity to Jight, and 
the need for higher temperature. Local 
races of rotifers, differing morphologically 
and in their potentiality for producing 
sexuals, are also known. It is probable 
that among the specialised Chermes plant- 
lice of conifers certain distinctive forms of 
individuals of the parthenogenetic phase 
have arisen parthenogenetically from a 
prior type. In the arrhenotokous Habro- 


bracon numerous mutants have bee} 


discovered by Whiting. 


In parthenogenetic races we see specig 


in the making. Such races can hay 
originated in three main ways. Fin 
in a bisexual species two types of par. 


thenogenesis have arisen, resulting in the} 


appearance of two different kinds g 
parthenogenetic races: e.g., an arrheno. 
tokous race later supplanted by a thely. 
tokous race, as in certain saw-flies ; or ely 
a thelytokous race and a tychopartheno. 
genetic race, as in certain scale insects, 


Secondly, a heterogonous species, migra f 


tory between two host plants, becomes 4 
purely parthenogenetic form if one hos 
plant is lacking ; examples occur among 
green-fly and gall wasps (see Vandel, 
1931). Thirdly, a bisexual species gives 
rise directly or indirectly to a partheno 


genetic polyploid race, as seen in geo} 


graphical parthenogenesis. That thes 
new forms are actually distinct is supported 
by evidence that, as a rule, offspring from 
pairings with the parent type, when such 
pairings occur, are not produced or are 
abnormal. These distinct forms, then, 


especially those occupying new ecological } 
regions, are free to evolve along their ow | 


lines into species. 

Despite all the aforementioned curiow 
and interesting things about partheno- 
genesis its biological significance should 
not be over-stressed. 
bered that the most characteristic method 
of animal reproduction is bisexual. Cer. 
tainly parthenogenesis is very widespread 
but as the sole method of reproductionit 


extent is generally limited. For instance, | 
it is of no account in the vast group | 
vertebrates while among invertebrates it | 


chiefly found among rotifers and insects 
Its prevalence among insects is scarcely 


surprising, for insects comprise about} 


half the known animal species. Within 
this class the many groups of hymen 
opterons, plant-lice and thrips (probably 
have exploited thelytoky most fully. As 
a method of male-production it is chara 
teristic of (1) the arrhenotokous Hymet- 
optera, including the heterogonous ¢ 

wasps ; Hemiptera—white flies and scal 
insects ; thrips, so far as known ; _heter’ 
gonous rotifers most probably ; mites ané 
a Micromalthus beetle; and (2) tht 
heterogonous water-fleas and plant-lice. 
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The adaptive value of partheno- 
enesis lies in the fact that more rapid 
reproduction is possible than by the 
normal bisexual mode. Lack of males 
means more females in a generation and 
more females for the reproduction of the 
next generation. Further, as well ex- 
pressed by Banta (1939): ‘An advan- 
tageous combination of characters or a 
favourable mutation once it occurred, 
barring accident, should continue and 
come to prevail in the habitat in which 
it is advantageous. The chances of its 
becoming lost or submerged are immensely 
less than with sexual reproduction. .. . 
Hence it is easy to conceive (1) that in the 
economy of nature a largely partheno- 
genetic, or a wholly parthenogenetic, 
thelytokous race may have a biological 
(reproductive) advantage under condi- 
tions of severe competition ; (2) that from 
the genetic standpoint it may at most 
suffer no handicap ; and (3) that from 
the evolutionary point of view it may 
actually be more advanced than its 
bisexual sister races. Hence, whatever 
controls sex ratios in water-fleas . . . also 
promotes the evolution of thelytokous 
races. It might be added, too, that 
certain chromosome conditions such as 
triploidy and irregular sets (aneuploidy) 
can exist in parthenogenetic but not in 
sexual forms because, in the latter, 
abnormal gametes would be the rule. 

These ‘ freedoms ’ have been bought at 
a price. Through biparentalism new 
combinations of characters, that is, of 
hereditary factors (genes), come into being 
and afford a richer amount of material 
upon which natural selection can act; 
parthenogenesis on the contrary means 
much stereotypy. In heterogonous forms, 
leading double lives, these ‘ freedoms ’ 
have not been fully accepted. 

Research on artificial parthenogenesis 
has provided some of the most brilliant 
and remarkable results ever obtained by 
experimental biologists. It has greatly 
increased knowledge of parthenogenesis, 
has played a leading part in unravelling 
complicated cytological phenomena, par- 
ticularly those of fertilisation, and excited 
the interest of biophysicists and bio- 
chemists. But at the same time the types 
studied have been restricted in number 
and mostly aquatic, so that the facts 
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gleaned are of limited application to 
the majority of parthenogenetic animals, 
which are terrestrial. The number of 
types reared to maturity is scanty, which 
makes knowledge of the sex of artificial 
parthenogones very meagre. The cyto- 
logical information on artificial partheno- 
gones is patchy and incomplete. No 
common activating principle has been dis- 
closed from the many agents used nor has 
the nature of artificial parthenogenesis 
been elucidated. How far the mechanisms 
of experimental parthenogenesis and of 
natural parthenogenesis, and of experi- 
mental parthenogenesis and fertilisation, 
are identical, is unknown; while of the 
origin(s) of natural parthenogenesis ex- 
perimental methods have not as yet 
revealed anything. 

To support the view that partheno- 
genesis is commoner than is generally 
supposed enough has been said; let us 
glance now at the plethora of researches 
it presents. For those whose facilities are 
limited simple types of breeding experi- 
ments are possible with common insects 
such as saw-flies and beetles. High climb- 
ing and the exploration of the arid and 
inhospitable places should yield more 
cases of geographical parthenogenesis. 
Those able to exploit more highly special- 
ised breeding and cytological techniques 
will find reward in rotifers, flatworms, 
round worms, bristle worms, crustaceans, 
thrips, book-lice, green-flies, scale insects, 
beetles, saw-flies, gall flies, gall wasps, ants 
and molluscs. Combinations of field and 
laboratory techniques will certainly in- 
crease our knowledge of all types of 
parthenogenesis as well as of sex. The 
geneticist would also do well to utilise 
material obtained from parthenogenetic 
strains derived naturally or artificially. 
As for the more recondite problems 
of activation and fertilisation selection 
operates entirely against the biologist 
pur sang: the future lies with the 
‘ biophysicochemist ’ unless, that is, the 
biologist becomes such a one by some 
kind of metamorphosis. 

Finally, a natural question. Of what 
possible import is parthenogenesis to 
mankind ? Pincus (1950) gives a part- 
answer : ‘ Parthenogenetic reproduction in 
mammals would have the extraordinary 
advantage of the production of females 
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only whose gene complement is exclusively 
that of the mother supplying the eggs. .. . 
It is interesting to note that the bee pro- 
duces males by a natural parthenogenesis. 
If, by superovulation, egg transfer and 
artificial parthenogenesis, the desirable 
milk cow could be made to yield a large 
offspring of females like herself the land 
flowing with milk and honey will be 
available. Its economy will be based on 
parthenogenesis.’ 

Applying the matter to mankind itself, 
the biologist, speaking objectively, would 
say that though some may hold that there 
have been mammalian and human par- 
thenogones in the past and, for all we 
know, may walk unsuspected in our midst 
today, there is no scientific evidence of 
such. But in view of Pincus’s results with 
animals, there can be imagined, should 
there occur a great preponderance of 
women, the development of an ethic 
which would allow artificial partheno- 
genesis as a means of satisfying the 
maternal instinct. Nevertheless, speaking 
personally, whatever freedom may be 
claimed for research, I suggest that, as 
human beings, we need to see that its 
applications do not outrage man’s highest 
sensibilities and true dignity. I should 
prefer that the intellectual effort of practi- 
tioners in the new human _biology— 
biologists, doctors, economists, social 
scientists, statesmen and _politicians—in 
considering the problem of human repro- 
duction, learn from nature, and direct 
their efforts towards removing the causes 
of ill-breeding and of imbalance in the sex 
ratio, thus rendering artificial techniques 
unnecessary and freeing mankind from 
the impediments to eugenic and euthetic 
natural marriage.! 
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SOME ASPECTS OF SETTLEMENT 


IN 


THE OVERSEAS 


DOMINIONS 


Address by 


Pror. R. OGILVIE BUCHANAN 
PRESIDENT OF SECTION E 


‘SETTLEMENT ’ is a term which, like many 
others adopted by the geographer from 
lay usage, has several distinct, though re- 
lated, meanings and uses. Currently the 
geographer’s use of the term is tending to 
restrict itself to the material evidences, 
particularly the buildings, and perhaps 
even more particularly the dwellings, of 
the people who live and work in an area. 
This is a perfectly defensible usage, appro- 
priate especially in the ‘ older ’ lands, and 
much interesting and valuable recent 


_ work, including the whole range of urban 


geography, bears witness to the fruitful- 
ness of the field. In the ‘ newer’ lands, 
however, until with the passage of time 
the settlements in this sense acquire some 
stability of site and form it is the human 
processes producing these concrete re- 
sults that rivet the attention, and in these 
areas the emphasis in lay usage tends to be 
on the process rather than on the village 
or town. This is the aspect on which 
Isaiah Bowman seized in his own ‘ Pioneer 
Fringe’ and in the series of studies of 
pioneer settlement that he stimulated, and 
it is with settlement in this sense that this 
paper is concerned. 

_ The basic idea of settlement of this kind 
is the taking possession of unused or little 
used land by incomers whose aim and 
expectation is to utilise the resources of 
the land, to make homes for themselves 
and their children, and ultimately to 
develop as full a range of community 
amenities as their times, their culture and 
their numbers can provide. Permanent 


_ Settlement implies permanent resources 


and conservational use of those resources, 
and is pre-eminently based on a stable 
agriculture. This is not to deny the im- 
portance of forest and mineral resources. 


Forests can, if wisely used, support 
permanent settlement, though the settle- 
ment will be thin and the population small 
in relation to the area used. But com- 
monly their history in new areas has been 
different : where they grew in good soil, 
they were removed to provide land for 
farming ; elsewhere their wealth was 
ravaged and they were commonly aban- 
doned. Minerals are notoriously a wasting 
asset, and settlement dependent wholly 
on minerals is inevitably temporary. 
Such a relatively stable mineral as coal, 
even in its more massive occurrences, can 
produce in time such problems as that of 
south-west Durham, where a not insignifi- 
cant population has been bereft of its 
mainstay. In the Union of South Africa 
cheap labour, cheap power, technological 
progress, the rise in gold prices, and, 
finally, the discovery of the new gold fields 
of the Orange Free State have pushed the 
economic exhaustion of the gold resources 
much further into the future. It remains 
nevertheless one of the two major prob- 
lems of the Union. Partly then for 
these reasons, but partly also because the 
problems of settlement in the overseas 
dominions of the British Commonwealth 
have in fact been overwhelmingly the 
problems of establishing farming settle- 
ment, this paper will concern itself 
essentially with land settlement, the pro- 
gress of the occupation and working of 
new agricultural land in these several 
countries. This is a problem of many 
facets, economic, political, legal, adminis- 
trative, all of them set in the areal frame- 
work of the region concerned and against 
the historical background of the people 
concerned. To put the matter in a 
different way, the process of settlement in 
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the pioneering areas and the pioneering 
stages reflected the attitudes and capaci- 
ties of the pioneers themselves and of their 
distant governments and markets as well 
as the character of the lands they were 
attempting to subdue, and that process 
has left its objective imprint on the geo- 
graphy of the settled areas, and indeed, if 
we may borrow the thesis of Francis 
Jackson Turner from the United States, 
in many less tangible ways in the outlook, 
the history and the character of the 
peoples of these dominions. 

In so far as land settlement is our topic, 
a short examination of Turner’s views 
may not be inappropriate. ‘Turner, an 
American historian, sprang into fame in 
1893 with his essay entitled ‘ The Signifi- 
cance of the Frontier in American His- 
tory.” A short extract will make vivid 
his concept of the moving frontier : 


‘Stand at the Cumberland Gap and 
watch the procession of civilisation, 
marching single file—the buffalo follow- 
ing the trail to the salt springs, the 
fur trader and hunter, the cattle 
rancher, the pioneer farmer—and the 
frontier has passed by. Stand at the 
South Pass in the Rockies a century 
later and see the same procession with 
wider intervals between. The unequal 
rate of advance compels us to distinguish 
the frontier into the trader’s frontier, 
the rancher’s frontier or the miner’s 
frontier, and the farmer’s frontier.’ 


It has been well said that Turner sup- 
plied for the first time a master key to 
American history. He saw American 
development as a series of successive 
stages towards full utilisation of the natural 
resources of the land of the United States, 
accompanied by progressive growth of 
economic and social organisation. In 
tune with that, and despite the title of his 
essay, it is the frontiersman rather than 
the frontier that focuses his attention. 
It was the frontiersman in Turner’s view 
who contributed so strikingly to the dis- 
tinctive character of American democracy, 
to the consolidation of national sentiment 
as against sectionalism and to the nature 
of the development of American religious 
and intellectual life. But the frontiers- 
man is the product of the frontier, and 
while in human affairs the trader and the 
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miner may (or may not!) impinge ap 
society in much the same way as thp 
pioneer rancher or cultivator, in s0 fy} 
as a true frontier implies continuity, th} 


trader’s frontier and the miner’s frontig 
are not frontiers at all, but merely oy, 
posts. The rancher’s frontier and th 
farmer’s frontier are the true frontier, 
and in the United States, as in the }y 
minions, they were not merely continuoy 
but they marched with one another, 
So far as I know, no geographer anj 
only one historian ' has attempted to te 


Turner’s concept against conditions inf 


any of the British Dominions and » 
comparative treatment of the Dominion 
themselves has been undertaken. Ye 
each of them has shown something of the 
same kind of progress as the United State 
through a moving frontier to a virtually 
static area of occupation and a high degre: 


of stabilisation of use of the resources df} 


the land ; and some appreciation of the 


differences in frontier conditions from on} 


to another will provide useful aid toward 
the understanding of some of the present 
differences in their cultural geography, 
This, however, is much too vast a subject 


for detailed consideration in the shotf 


space of one hour, and my purpose at the 


moment is merely to take one or two df 
the more obvious points of difference and} 


touch on some of their causes and some 
of their effects. 


Probably the first thing that. strike) 
any student of the colonisation of the Do! 
minions is the length of the period ove) 


which it was spread. Champlain founded 


the first permanent French settlement inf 
Canada in 1608 and van Riebeck estab 


lished the Dutch East India Company: 
settlement at the Cape in 1652. At the 
other end of the scale New Zealand wa 


not declared a British possession until 184) 


and the same year saw the arrival a 
Wellington of the first organised band d 
settlers. Settlement of the 
prairies in any real sense did not beg 
until the last quarter of the nineteent) 
century and has been largely the work d 


the twentieth. There is a spread of twp 
and a half centuries, remarkable not 9F 


much for the fact that it is two and a hal 


1 Alexander in his Moving Frontiers briefly applit 


Turner’s ideas to aspects of Australian develop 
ment. 
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centuries as for the changes it witnessed. 
During that time Holland and France both 
sank from their proud position as world 
leaders, and their loss to Britain of the 
Cape and French Canada was an early 
symptom of their inability to maintain 
the role of active colonising powers. ‘The 
United States had grown from a series of 
separate and often quarrelsome colonies, 
almost confined to the Atlantic coast, and 
numbering only a few million people, to a 
mighty unified nation already setting new 
standards for the world in economic and 
social organisation. Britain had lost her 
American colonies and received in ex- 
change a lesson in colonial administration 
that she was never to forget, even though 
she was to have for a century afterwards 
occasional and partial lapses. Almost 
immediately afterwards she had had to 
endure the long strain of the twenty 
years of the French Revolutionary and 
Napoleonic Wars. Most significant of all, 
however, she had initiated the Industrial 
Revolution and ushered in a new age. 
From that Revolution she was in the later 
nineteenth century to reap a very rich 
harvest, but the immediate picture for 
three decades after Waterloo was one of 
greater misery for more people than had 
ever been known before or has been since. 
The enclosures, the ruin of the domestic 
industries by the factories, the absence of 
control of either working conditions in 
the factories or housing standards for the 
factory workers, a savage penal code, 
the twin influences of laissez-faire and 
the repressive political atmosphere that 
was an understandable reaction from 
the French Revolution, the difficulties, at 
that time without any precedent, of the 
change over from war to peace—all these 
combined with a greatly increased rate of 
population growth and a drastic re- 
distribution of population to produce 
among the masses of the people a state of 
economic and social misery and seething 
political discontent. 

This close-up, with its emphasis on the 
foreground of the conditions of life of 
great masses of British people, is very 
relevant to one aspect of overseas migra- 
tion, but it dims a background of even 
greater importance. In the long run the 
significant elements of the Industrial 
Revolution were the increased produc- 
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tivity of labour armed with power- 
driven machinery and the specialisation of 
labour necessitated by the specialisation 
of machinery. In combination they pro- 
vided both the incentive to and the means 
for the extension of active trading into 
more and more widely flung areas and 
into an ever widening circle of commodi- 
ties. This was the background of the 
new era colonisation of the nineteenth 
century. No longer was the settler pre- 
pared to go forth into the wilderness to 
cultivate his own food, make his own 
clothes and implements and lead a self- 
subsistent life, limited in material con- 
sumption and in intellectual outlook by 
the character of his own small plot set 
in its own small neighbourhood. ‘True, 
such an extreme subsistence character of 
overseas settlements had never in fact 
fully existed. Even the New Englanders 
had early commenced trading, especially 
in fish, and trading in the product of a 
highly specialised agriculture had been 
the essential condition of the foundation 
and the maintenance of the plantations, 
but the very limited coastal areas over 
which these settlements could be success- 
ful is the proof of the general point. From 
about the end of the eighteenth century, 
then, new colonisation was likely to 
succeed only if it could produce efficiently 
commodities that were in demand in the 
industrial areas and if those commodities 
were physically and financially able to 
stand the long transport from the point of 
production to the point of consumption. 
With the proceeds of such exports the 
settlement could import both consumption 
goods and the capital equipment necessary 
to promote further development of eco- 
nomic production and social amenities. 
The logic of that position is easy enough 
to see from the vantage point of the mid- 
twentieth century. It was not so easy to 
see, at any rate in the United Kingdom, 
up to the middle of the nineteenth century, 
and the actual process of settlement, 
particularly in Australia and New Zealand 
was from one point of view a struggle by 
the settlers to get command of the right 
kind of land in the right kind of amount 
and the right kind of location. Clearly 
the conception of ‘right,’ whether in 
kind, in amount or in location, would 
change as technological advances enabled 
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new commodities to comply with the 
conditions or previously sub-marginal 
lands to become economic producers, but 
at each stage there were non-geographical 
obstacles to be surmounted before new 
settlement could adjust itself satisfactorily 
to the changed conditions. In the South- 
ern Hemisphere colonies these obstacles 
bore in general a certain family resem- 
blance to one another, though South 
Africa had certain ones peculiar to itself, 
and in all the colonies the exact nature 
and degree of common influence varied 
considerably. 

At the Cape the tightly monopolistic 
Dutch East India Company, intent only 
on its trade with the Indies, established 
its settlement as a means to providing fuel, 
fresh water, meat, vegetables and flour to 
its own ships on their way to and from 
the east. Its initial policy of having all 
the production of these goods done by its 
own paid servants was soon given up, but 
its determination to be the sole trader was 
not, and officials and settlers alike were 
forbidden to undertake private trading. 
What the Company had in mind was a 
small, compact settlement, in which 
working farmers would produce food on 
holdings of about 120 acres (60 morgen) 
and sell it to the Company. It was clear 
that extension of settlement would pro- 
gressively decrease the control the Com- 
pany was able to exercise and increase the 
expenses of administration and defence, 
while, further, if production were corre- 
spondingly increased, there would be little 
prospect of disposing of it: ships, even 
on this high road to the Indies, and even 
with the multiplying of French and British 
vessels, were normally too few to sup- 
port much trade. Control from Europe, 
though hardly such close and strict control, 
and the attempt to restrict settlement 
within narrowly drawn boundaries are 
features that appear again in the nine- 
teenth century in Australia and New 
Zealand. In all three countries a leading 
element, if not indeed the chief element, 
in the history of settlement was to be the 
deliberate efforts by the people on the 
spot to free themselves from both kinds of 
restrictions. 

It would seem that despite various 
commissions sent out from Holland and 
numerous reports submitted by governors, 
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the Council of Seventeen never forme 
an adequate appreciation of the log 
circumstances at the Cape. Limited are, 
of reasonably good soil and rainfall, th 
long summer drought, the NECESSity fo, 
irrigation almost within sight of Capetoyy 
gave conditions for farming alien to th 
Dutch, the German, and even some of the 
French settlers. By a long process of 
trial and error farmers had to win through 
to a command of Mediterranean concep; 
and techniques. Only in vine-growing 
and the making of wine and brandy did; 
measure of success come at all quickly 
and that owed everything to the expertis 
of some of the French and Germa 
settlers. At the same time relations had 
to be stabilised with the previous inhabj- 
tants. The Bushmen hunters were then. 
selves hunted and driven out. With the 
Hottentots, however, owners of cattle and 
sheep, relations were on the who 
friendly, trading in animals becam 
established despite official ban, and the 
Hottentots, progressively detribalised, set 
the tradition of a menial class. This 
tradition, accentuated by the importing 
of slaves and the complete cessation of 
immigration from 1707 till the arrival of 
the British 1820 settlers, was to havea 
profound influence on the history of 
South Africa. In the initial stages the 
hunting of Bushmen and trading with 
the Hottentots, the inheritance provisions 
of Roman-Dutch law and the cramping 
effects of the economic and political system 
combined to tempt the bolder spirits 
out beyond the borders of settlement. 
Here is the origin of the Boers and their 
trekking habits, a feature of develop- 
ment completely at variance with the 
established policy and the current desires 
of the Company. Yet it had to be given 
some recognition, since it could not be 
stopped, and, grudgingly, provision was 
made for land to be held on loan from 
the Company in blocks as large as 300 
morgen (6000 acres). The rent could in 
fact be seldom collected and as time went 
by these holdings virtually acquired the 
status of freehold. Not uncommonly 
a man might have more than one, and 
practise a kind of transhumance from ont 
to another. This was especially so on the 
western Karoos, with their chronic de 
ficiency of both winter rain and summet 
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rain. These Boers were essentially cattle 
farmers, eking out their livelihood by 
hunting and a minimum of tillage. Their 
cattle they bred, and augmented by 
trading with the Hottentots and, later, 
by raiding the Bantu. Their lack of 
interest in wool, so marked that various 
consignments of merinos to the colony 
were allowed to become diluted and 
fnally lost in uncontrolled breeding with 
the native hairy sheep, is perfectly under- 
sandable in the conditions of the late 
sventeenth and early eighteenth cen- 
turies—there was as yet no factory industry 
to create a demand for wool that could 
not be satisfied locally in north-west 
Europe, and no sign that the Company 
would be any less arbitrary in buying wool 
than in buying wheat or wine. 

Here, then, was a real frontier and a 
moving frontier, with northwards and 
eastwards its own forward screen of 
edephant hunters and Bushmen hunters. 
The frontiersman himself, born out of dis- 
like of and resistance to distant authority, 
achieved almost complete independence 
with his cattle, his hunting and his dist- 
ance from the closely settled country of 
the Cape and the seat of authority at Cape 
Town, but he achieved it at the cost of 
an almost self-subsistent life that brought 
its own penalties, in isolation, impatience 
of any form of external restraint or 
even guidance, narrowness of interest and 
outlook, an extreme fundamentalism 
in religion and a developed tradition of 
yielding to the lure of far horizons. 

A glance at the relief and rainfall maps 
of South Africa will disclose a good deal 
about the physical nature of the frontier 
area up to about the middle of the 
eighteenth century and suggest its con- 
trast with Australia beyond the Great 
Dividing Range and, still more, with the 
United States beyond the Appalachians. 
The analogy would have been closer if 
Australian settlement had commenced at 
Adelaide and worked eastward, though 
the advantage would still lie with Aus- 
tralia. Briefly it was a country capable 
of carrying only a thin population and a 
scattering of animals, and it needed no 
very high rate of increase of people or 
animals to point the desirability of hiving 
off fresh pioneers who would continue the 
advance into fresh territory. When the 
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better rainfall areas of the Eastern Cape 
Province were reached about the middle 
of the eighteenth century and the Boer 
advance guards were probing across the 
Great Fish and then the Kei rivers, 
contact was joined with the advanced 
wave of the Bantu, another expansionist 
people, cattle rearers and part-time 
cultivators, with a much more highly 
developed social, political and military 
organisation than the Hottentots and 
a recent history of successful territorial 
advance. 

So here was joined a conflict greater in 
magnitude and fraught with much more 
serious implications for the future than 
the previous contacts of the Boers with 
the Bushmen and the Hottentots. It was 
conflict in the most literal sense of the 
term, punctuated by a series of nine Kaffir 
wars, and the frontier in the narrower 
sense became and long remained an armed 
frontier in which the gaining of new land 
depended on successful fighting. The 
question was complicated, but not essenti- 
ally altered, by the assumption of control 
by England in 1806, and by the conse- 
quential injection of the English settlers 
of 1820 into the advanced border of the 
frontier zone in the Eastern Cape. In 
passing we may note that the plan of small 
tillage farms for these settlers was reminis- 
cent of the original Company’s settlement 
at the Cape, and foreshadowed the later 
settlements at Adelaide, Dunedin and 
Christchurch—all of them destined to 
lose their planned character almost from 
the moment the settlers landed. The 
basic difficulty, however, lay in the ex- 
pansion impetus on both sides of the line 
of contact and in the irreconcilable, and 
generally misunderstood, concepts of land 
ownership. Elsewhere only New Zealand, 
and there only the north and west of the 
North Island, repeated this phenomenon 
in any significant way. New Zealand had 
its Maori wars, won them in the end, 
largely in the same sort of way in which 
the Kaffir wars were won, by the irregular 
forces of the men on the spot, who could 
and did develop their own local military 
tactics to meet their own local situation. 
In each case victory made more land avail- 
able for white settlement and left a heritage 
of resentment and distrust on the part of 
the defeated. But there the parallel ends : 
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New Zealand was fortunate in the small- 
ness of the numbers of the Maori, in their 
high potential capacity for assimilating 
European civilisation and reaching Euro- 
pean standards, and in acquiring a degree 
of understanding of and sympathy for 
the native people, which, partial and in- 
adequate as it was, was yet a unique 
feature of nineteenth-century white-native 
contacts. 

The Great Trek of 1836 and 1837, pre- 
ceded by several reconnaissance expedi- 
tions, was the culmination of the already 
long history of Boer dissatisfaction with 
distant control and their ever-present urge 
to the acquisition of more and yet more 
land. ‘The basic attraction was the vast 
extent of better land reliably reported on 
the summer rain plateaux of what are 
now the Orange Free State, the Trans- 
vaal and Natal. There were indeed new 
elements in that the control was now 
foreign, that the British Colonial Office 
had banned free grants of Crown land in 
1832, that the abolition of slavery in 1834 
had been accompanied by quite inade- 
quate compensation, and that the freedom 
for the Boer to deal with the Bantu as he 
wished was being severely curbed. These 
gave a political complexion previously 
absent and promoted an ambition to 
found new and independent states, ex- 
pressed in the organised movement of 
large bodies of people under chosen 
leaders to the distant destinations of the 
High Veld and Natal. There is nothing 
parallel to this in the other Dominions, 
and nothing in their history to match the 
train of events set in motion by the fact 
of the Trek and the attitudes of mind that 
supported it. The immediate effect in 
the Eastern Cape frontier zone was a 
drastic reduction of both people and occu- 
pied land. Walker has estimated that 
‘by September (1837) some 20,000 souls, 
“the flower of the frontiersmen” as 
D’Urban called them, had crossed the 
Orange River.’ Their going made room 
for sheep on their deserted lands, and it was 
in the few years following the Great Trek 
that the great wool-growing enterprise 
of South Africa began to develop. The 
times were now propitious, Australia was 
showing the way, and within twenty years 
the value of wool exports was to outstrip 
that of all others combined. 


Let us now turn to a more direct log, 
at Australia. Sydney was founded simp} 
as a penal camp, and doubtless its jgoh, 


tion, much more pronounced than tha} 


of the Cape, was regarded as an advantay 
rather than otherwise. Phillip had y 
first only convicts and soldiers, while the 
first grants of land were made to officen 
and the first actual settlers were free 
men. Here, as in the Cape, the goven. 
ment was the only buyer of grain, and 
prices to the farmers were arbitrarily fixed 
by the government. ‘The obvious require. 
ments were free settlers and capital, and 
official land policy varied according to the 
views of the governor and his success ¢ 
otherwise in getting the approval of the 
Colonial Office. Free grants of land 
sometimes large, as witness the famous 
Macarthur estate at Camden or the 8,0) 
acres of the Blaxlands—outright sale, 
conditional sales with rebates according 
to the number of convicts maintained or 
free labourers brought from England, and 
leases were all tried. As late as 182I, 
nearly half a century after Phillip’s land. 
ing, the total population was still below 
40,000, and less than one acre per head 
was in cultivation. Clearly progress had 
been slow, and such as there was had been 
accomplished with much friction. There 
were two outstanding difficulties: the 
poverty of the soil overlying the Hawkes 


bury sandstone, that stretched away to} 


the north and south of Sydney and wes- 
wards to the crest of the Blue Mountain 
plateau ; secondly, the acute shortage o 
labour and its frequently unsatisfactory 
character. Virtually unpaid labour by 
convicts promised small prospects of ad- 
vancement for immigrant free labourer, 
and the mere fact of labour shortage wasa 
discouragement to the entry of capital. 
Contributory, however, and not insignif 
cant was the inadequacy of survey, which 
failed to keep up with alienation of land 
and often made it impossible to prov 
title to land when it had been. issuel 
and to obtain legal protection agains 
squatters. 

It was in the eighteen-thirties that the 
two movements that were so vitally t 
affect settlement in Australia, and late 
in New Zealand, came into full strength 
and into full conflict. ‘The first was the 
triumph in England of the ideas of Edwart 
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Gibbon Wakefield, their conquest of the 
Colonial Office and their expression in the 
formation of companies to organise actual 


-gttlements. In Australia South Australia 


(1836) was the only such colony. In New 
Jealand Wellington, Nelson, Otago and 
Canterbury were all founded by such 
companies, and the latter two benefited 
considerably from their planning, though 
there as elsewhere the system was to break 
down. Wakefield saw colonial settlement 
as a problem of how to get people and 
capital on to the land in the right propor- 
tions. Australia had the land, England 
had the capital and the surplus labour. 
The obvious policy was to sell the land at 
a ‘sufficient price,’ use the land fund thus 
created to finance immigration into the 
colony, and in due time, but not so soon 
that they left the existing farms without 
labour, the labourers would be in a position 
to buy their own land and employ labour 
intheir turn. Implied in all this are the 
concepts of compact settlements, small to 
medium holdings and mixed agriculture 
on the British model. A prime difficulty 
not appreciated by the Wakefieldian 
apostles was how to fix on the ‘ sufficient 
price.” If it was to be fixed in relation 
to the needs of the colony, it might be out 
of tune with the value of the land and so 
discourage investment by those who had 
the capital. If it were fixed to represent 
a fair value of the land, it would have to 
vary according to the attractiveness of the 
land, and in any case might be quite 
inadequate to promote the development 
of the colony as visualised by the theorists. 
Its main weakness, however, was that 
it completely overlooked the competing 
attractions of land for squatting beyond 
the official borders of the colony, and this 
was the rock on which the Wakefield 
schemes ultimately broke. 

In the eighteen-thirties squatting in 
New South Wales was not new. It had 
begun with small men, ex-convicts or free 
men, squatting on Crown land or even on 
alienated but not demarcated holdings 
on the coastal side of the Great Divide. 
The squatters rapidly acquired a most 
unenviable reputation, and the term 
squatter’ there as in England, became 
aterm of opprobrium. By the thirties, 
Owever, the picture was very different. 
Blaxland, Lawson and Wentworth in 1813 
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had discovered a practicable, though not 
easy, route across the Blue Mountains to 
a ‘fine grazing country facing the west.’ 
Others had gone north to the Hunter 
River and beyond, others again to the 
south, all to be followed by a stream of 
successors. The official colony in_ its 
expanded form, as proclaimed in 1829, 
was confined to the Nineteen Counties, 
and comprised the coastal belt from the 
Manning to Moruya together with the 
nearer edge of the western slopes, but 
already, despite official insistence, this 
defined an obsolete position. 

If it was true (and it was) that the Nine- 
teen Counties were themselves a _ real 
frontier area in a strictly pioneering stage, 
it was no less true that the scantily 
timbered grasslands beyond the divide 
promised freedom from cramping govern- 
mental restrictions and offered the pro- 
spect of great rewards to the successful. 
Here the sheep, the stabilised but still 
improving Australian merino, was the 
pioneering animal, Australian wool was 
beginning to squeeze the Saxon and 
Silesian fine wools from the expanding 
West Riding market, and the ‘ wool rush ’ 
was in full swing. In Roberts’s words, 
‘, . . every able-bodied man thirsted for 
the bush and pined to ride in the dust 
behind masses of smelling sheep and live 
on an unchanging diet of mutton chops, 
unleavened damper and “ post-and-rail ”’ 
tea.’1 As with the Cape Boers of nearly 
a century and a half before, this expansion 
was against government policy, wedded 
as it was to concentration of settlement 
and sale of land, but Governor Bourke, 
in 1835, recognising that it could not be 
stopped, eased the situation by issuing 
annual licences conferring the right to 
graze stock over as much land as the 
squatter could manage. Unlike the Boer 
expansion, however, it was a commercial 
movement in a commercial age, it had 
little difficulty with natives, though much 
with nature, and it advanced with spec- 
tacular rapidity so that by 1860 there was 
a continuous pastoral frontier area from 
Bass Strait to the Gulf of Carpentaria. 
Squatter now meant a stockman of sub- 
stance, the backbone of the country, and 
the squatters had gathered to themselves 

1 Roberts, S. H. : The Squatting Age in Australia, 
p. Il. 
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the political as well as the economic power 
of the country. 

In New Zealand the process of settle- 
ment commenced later and the pattern 
of development showed marked differences 
in the two islands. It was the North 
Island that in 1840 received the first band 
of colonists organised according to Wake- 
field’s ideas. The forest and swamp of 
most of the island gave no encouragement 
to the broad-fronted advance of a pastoral 
frontier, but demanded rather a slow and 
painful small-scale war of attrition on 
those formidable natural obstacles, and 
success, if and when it came, meant the 
establishment of small-scale farms in a 
slow advance of close settlement. There 
were serious deficiencies in the organisa- 
tion of the Wellington and ‘Taranaki 
settlements ; and the later Maori Wars, 
originating mainly out of conflicting con- 
ceptions of land ownership, further de- 
layed progress. ‘The South Island on the 
other hand provided a remarkable parallel 
to New South Wales. Nelson (1840, an 
offshoot from Wellington), Dunedin (1848) 
and Christchurch (1850) were all designed 
to demonstrate the superiority of the 
Wakefield system, and all alike, almost 
from the day of their founding, found 
their prosperity in the rise of squatting. 
The grasslands of the eastern side of the 
South Island, from the Wairau to the 
Waiau, with only a handful of Maori at 
a few scattered points, provided similar 
opportunities to those of New South Wales, 
though different difficulties. The tussock 
grass was far from ideal grazing, but it 
sufficed for the merino. The country it 
covered was largely mountainous and the 
slopes were steep. The rivers, fed from 
the eternal snow, were torrential and when 
in spate with the spring snow melt were 
fearful obstacles. Winter cold and snow 
and flooded rivers rather than sun- 
scorched, drought-smitten plains were 
the hazards faced by the New Zealand 
squatter. His first sheep and his methods 
of handling them came largely from 
Australia, though he himself was mainly 
not Australian. 

By 1860, then, this grassland frontier 
had been occupied, essentially by a scatter 
of great sheep runs on no more secure a 
tenure than short-period licences to graze. 
Here and in Australia the squatters could 


not rest content with that hazardoy 
status, and set themselves to the task of 
getting complete control of the land they 
depastured. Only in Queensland, and 
there not until 1916, did any of the govern. 
ments take the extreme step of abolishing 
alienation of land, though in the end all 
of them reached the point of giving long 
leases of land in the less attractive areas, 
the arid plains of the far interior jp 
Australia and the difficult ‘ high country’ 
of Canterbury and_ north-west Otago, 
Elsewhere all governments reserved the 
right to sell land for closer settlement as 
population increased and demands for 
land grew. To evade this danger the 
squatters adopted many ingenious de- 
vices, including the buying of strategically 
placed pieces of land such as river banks 
or the land around water holes, possession 
of which rendered the land behind useless 
to anyone else. Their measure of success 
was sufficient to ensure their conversion 
of most of the desirable land into private 
estates, consecrated to the golden fleece, 
but capable so long as it was so conse- 
crated of carrying only an almost negligible 
population. The squatters in fact had 
escaped too successfully from the dangers 
of their insecurity of tenure, and had con- 
verted security into a status of privilege 
that sat ill with the youth of the colonies 
and the aggressive democracy of the 
rapidly growing landless populations. 
This rapid growth of population was 
very recent, even in Australia. Not until 
the eighteen-thirties was there any very 
significant inflow of free settlers and the 
disappearance of the distaste and even 
contempt that the penal settlements of 
Sydney and Van Diemen’s Land _ had 
inspired. Capitalistic scepticism of the 
commercial prospects of these antipodean 
experiments had been slow to go, and 
their banishment had not been helped 
by the early tribulations of the great land 
companies, the Australian Agricultural 
Company and the Van Diemen’s Land 
Company, that were given their charters 
in the middle eighteen-twenties. New 
Zealand settlement did not begin until 
the Australian tide had begun to flow, 
and it started free from the handicap 
of the early Australian reputation. The 
discovery of gold, however, in the fifties 
in New South Wales and Victoria, in the 


156 


sixties 
cedente 
whom 
many ‘ 
vigorol 
elemen 
The si 
in the 
acquir 
solving 
matter 
and th 
used t 
stood 
good 
count 
millio 
ductic 
opene 
ris 
vided 
creasi 
Th 
In ez 
meas' 
the st 
but < 
what 
the f 
acce] 
work 
varie 
time 
fami! 
was | 
Crov 
for r 
land 
farm 


supE 
var 
fall, 
for 
gove 
by 
as ( 
rig 
ditic 
pro 
enfc 
me 
gra 
the 
pas 


sixties in Otago stimulated an unpre- 
cedented inrush of gold-seekers, few of 
whom made fortunes from gold, but very 
many of whom remained to contribute a 
vigorous, independent and unorthodox 
element to the existing pastoral society. 
The significance of this at the time lay 
in the fact that the colonies had recently 
acquired responsible government, the 
solving of land problems was now a 
matter for the local colonial governments 
and the power of the ballot box could be 
used to break the ‘land monopoly ’ that 
stood between the landless men and the 
good land fit for close settlement in 
countries that were destined to support 
millions of people in comfort. The intro- 
duction of refrigeration, in 1882, which 
opened up vistas of success for small men 
supplying the European larders with 
perishable foodstuffs from small farms 
intelligently and carefully managed, pro- 
vided a strong reinforcement to the in- 
creasing pressure for closer settlement. 
The problem was not solved at once. 
In each of the colonies a long series of 
measures bore witness to the success of 
the squatters in defending their interests, 
but also to the gradual advance towards 
what had become the community ideal of 
the family farm capable of providing an 
acceptable standard of living for a hard- 
working owner. In detail the measures 
varied from colony to colony and from 
time to time, but they bore a strong 
family likeness to one another. Provision 
was made against the further alienation of 
Crown land in large blocks to individuals ; 
for repurchase and subdivision of suitable 
land already alienated ; for survey of 
farms of size appropriate to the reasonable 
support of a family, the size naturally 
varying according to soil quality, to rain- 
fall, to relief and elevation, to accessibility ; 
for assistance to the small settler by 
government loans at low rates of interest, 
by an early form of hire purchase known 
as deferred purchase, or by lease with 
right of purchase. At the same time con- 
ditions of personal occupation and of 
progressive values of improvements were 
enforced to guard against the danger of 
mere speculation in Crown land. The 
gradual success of such measures ensured 
the conversion of the better areas of the 
pastoral frontier zones into an agricultural 
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frontier of close settlement capable of 
supporting an expanding population. In 
Australia the over-riding general index to 
relative productivity was found in rainfall, 
and the gradual decrease of the rainfall 
inland has permitted a corresponding, 
though by no means an exactly corre- 
sponding, increase in size of holding from 
the small dairy farm of the New South 
Wales South coast, for example, through 
the progressively larger farms of the 
sheep-wheat belt and the small grazing 
run to the great run that remains and will 
remain undivided in the far interior. In 
the South Island of New Zealand it was 
not rainfall but relief and elevation that 
distinguished the more productive from 
the less productive land, and broadly the 
smooth lowlands are wholly occupied by 
farms, typically within the range of 200 
to 500 acres, the lower and easier hill 
country has small runs of several thousand 
acres, while the great runs necessarily 
remain in the high country. 

In summary Australia and New Zea- 
land had their period of effective settle- 
ment at a time when Europe provided 
an intense demand for commodities, 
beginning with wool, that they were well 
fitted to produce. Ample land, scarcity 
of labour and complete reliance on a 
distant overseas market encouraged a 
severity of specialisation that early became 
a national habit and still distinguishes the 
farming countryside from that of South 
Africa with its entirely different tradition. 
We cannot doubt that if the nineteenth- 
century colonisation of Australia and 
New Zealand had been by Chinese 
instead of by British people, or if the 
British colonisation had been seventeenth 
instead of nineteenth century the rural 
landscapes of these two dominions would 
have been very different from what they are. 

There is little room left for discussion 
of Canada, and I must content myself 
with a brief reference to the Prairie 
Provinces. The Canadian prairies dif- 
fered from the Southern Hemisphere 
colonisation areas in almost every respect. 
Physically they were a great continuous 
area of smooth surface, admirable soils, 
grass vegetation, and a climate character- 
ised by the length and severity of the 
winter. They were in the far interior of 
a great continent, separated from long 
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settled eastern Canada by the hundreds 
of miles of rough Canadian Shield and 
from the Pacific coast by the great cordil- 
leran belt, but marched on the south by 
the expanding settlement of the United 
States. Yet they had long been used in 
the fur trade by the Hudson’s Bay Com- 
pany, which enjoyed special rights over 
the whole area, and indeed until the 
coming of the railways no other possible 
product could have been profitably trans- 
ported to a market. Furs were in some 
sense the Prairie equivalent of wool in 
Australia, but sheep were not a reasonable 
venture in the Prairie climate. The diffi- 
culties were well illustrated by the ill- 
fated Selkirk ventures at settling the 
Red River valley, even apart from the 
hostility of the North-West Company. 
Preliminary measures to settlement in any 
effective way, then, included resumption 
of the land by the Canadian government 
from the Hudson’s Bay Company and the 
building of railways. So it was not until 
the last two decades of the nineteenth 
century that the process of settling these 
grasslands acquired any significant mo- 
mentum, and even then its precise course 
and nature depended on three other 
elements, all of them borrowed from the 
experience of Canada’s great southern 
neighbour. One of these was the breeding 
of wheat types to suit the difficult climatic 
conditions, and but for the success 
achieved in breeding rapidly maturing 
wheats almost the whole of the Prairies 
would have remained beyond the limit of 
wheat growing. The second was the 
Homestead Acts, which extended into the 
Canadian prairies the quarter section of 
160 acres and the regular rectangular 
pattern of fences and roads already 
standardised on the prairies of the United 
States. It may indeed be queried whether 
the adoption of 160 acres as the standard 
size of farm was altogether wise in view of 
the shorter growing season and the more 
restricted range of possible products than 


in the more southerly United States, an 
the pretty continuous increase in th 
average size of holding over the year 


tends to support that doubt. Nevertheles| 


it was 160 acres that was decided upon, 
and it proved large enough for the jm. 
mediate application in one-crop wheat. 
growing of the contemporary large scak 
methods of American farmers. Many of 
the farmer settlers were themselves imrj. 
grants from American farms, still following 
the frontier that had retreated beyond the 
bounds of their own country, and they 
were able to demonstrate in practice the 
economies in prairie settlement of the 
great machines and the massive teams of 
horses. On her prairies, then, Canada 
solved at one operation the legal, adminis. 
trative and production problems that had 
cost South Africa some two centuries, 
Australia over a century and New Zealand 
over half a century to solve. That does 
not mean that the pattern of either settle. 
ment itself or the production on which it 
lives is fixed for ever. It does mean that 
change can be gradual and evolutionary, 
produced by individual adjustments as 
opportunity offers or necessity decrees, and 
not requiring a social revolution powered 
by a national dissatisfaction and operated 
by a politica] party victorious at the polls 

The aim of this paper has been to 
suggest how differences in the course, 


pattern and results of settlement in the | 
overseas dominions have been influenced | 


not merely by the inherent nature of the 
areas in which settlement took place, but 
very vitally by the human circumstances 
of the particular time at which the settle- 
ment took place. It is a very large canvas, 
the brush strokes have been very wide, 
and even so have left most of the canvas 
untouched. Much valuable contributory 
work has been done by historians, especially 
economic historians, but the corresponding 
definitive work by geographers still offers 
considerable opportunities.? 
1 Delivered Sept. 8, 1952. 
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FULL EMPLOYMENT IN RETROSPECT 


Address by 
Pror. D. T. JACK, C.B.E. 


PRESIDENT OF SECTION F 


Ir is perhaps appropriate that an op- 
portunity should be taken on such an 
occasion as this to bring under review the 
experience of continuous full employment 
in the post-war period. The justification 
may lie in the fact that while in pre-war 
years there was considerable discussion of 
the possibility of achieving full employ- 
ment there was also a certain scepticism 
to be found lurking on the fringes of the 
debate, fearful lest the attainment of full 
employment might involve conditions 
which would prove unacceptable and 
apprehensive lest the zealots might be 
found guilty of generating soft illusions 
and false hopes. In the event, it has 
seemed as if the goal had been reached 
more easily than even the zealots had 
imagined might be possible, and careful 
observers are now troubled by the con- 
sequences of the very ease with which 
success has been attained. Certainly 
seven years of full employment have not 
been free from crisis. Indeed, by previous 
standards, crisis conditions have recurred 
with a more than normal frequency, and 
to those who find it difficult to suppose that 
there has been an unusual persistence of 
mere ill-fortune it is natural to inquire 
whether the difficulties of this period may 
not be attributable to the policy, or lack 
of policy, pursued over the same period 
in matters connected with the level of 
employment. 

In the pre-war debate the central issue 
was how full employment might be 
achieved and the examination of that 
problem was conducted against a back- 
ground of prolonged and _ exceptional 
under-employment. If the persistence of 
unemployment which was neither struc- 
tural nor frictional was attributable to a 
chronic deficiency of aggregate demand, 
the ways and means of expanding aggre- 


gate demand to the appropriate level had 
to be explored. What might happen once 
that appropriate level had been reached 
was not a problem which obtruded itself 
unduly into the current controversy. 
The maxim about first things being first 
may have suggested that a suitable breath- 
ing space would be enjoyed before such 
awkward matters had to be contemplated. 
The emergence of inflation and the 
phenomenon of over-full employment 
seemed remote possibilities to a world 
still haunted by the memories of deflation. 
And the Anglo-Saxon world, while it had 
made its contribution to the sum total of 
inflationary experience, had not partici- 
pated directly in the more extreme forms 
of inflation which had afflicted much of 
western Europe within the space of living 
memory. 

Even the new experience of war con- 
ditions and their inflationary effects did 
little to alter the character of the debate. 
With the recollection of what happened 
after 1918 it was widely supposed that 
the cessation of hostilities would be fol- 
lowed by a post-war boom of compara- 
tively short duration and that thereafter, 
if no special precautions were taken, a 
post-war depression repeating in the 
main the features of the inter-war depres- 
sions would assert itself. Aggregate de- 
mand would grow weary and flag. Hence 
the emphasis, both in the domestic and in 
the international fields, on measures which 
were designed either to maintain an 
aggregate of demand which would other- 
wise have faltered or to prevent the spread 
of economic misbehaviour from the 
country in which it originated to others 
which were faithfully and innocently 
following the path of economic rectitude. 
But the anticipated situation did not arise. 
The post-war boom showed no signs of 
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disappearing. Apart from the economic 
consequences of uneasy peace, several 
factors combined to keep employment at 
a high level. In particular there was an 
increased propensity to consume, natural 
enough as a post-war phenomenon but 
reinforced by fiscal measures which were 
designed to bring about a more egalitarian 
distribution of national income; and 
there was a high rate of capital investment 
not balanced by an equally high rate of 
domestic saving. The result was inflation 
and over-full employment, with the aggre- 
gate of demand pushed to a point which 
involved severe strains on the economy. 
There would, I think, be a broad measure 
of agreement among economists on the 
ground covered by this brief survey. In 
what follows I propose to consider cer- 
tain of the implications of the resulting 
situation. 

At the outset it may be pertinent to 
inquire whether there is any clearly 
defined point at which the level of employ- 
ment passes over from a state of fullness 
to one of distension or over-fullness. ‘The 
attempt to answer this question in terms 
of particular percentages of employment 
or unemployment is arbitrary, however 
convenient it may be as a working guide. 
Lord Beveridge (1) set the fashion in this 
direction in 1944 when he suggested as 
‘a conservative aim’ that full employ- 
ment might be taken to mean the equiva- 
lent of 97 per cent. of employment. But 
Professor Ohlin (2) has rightly pointed out 
that in full employment the percentage of 
employment is relatively low where labour 
mobility is low and where great economic 
disturbances are occurring and relatively 
high ‘in countries with quiet economic 
conditions, a well-organised labour market 
and a skilful adaptation of public works 
to local surpluses of labour.’ The search 
for precision, however, has been main- 
tained. In 1950, the Economic and 
Social Council of the United Nations 
recommended that each government 
should publish ‘ as soon and as precisely 
as is practicable the standard by which it 
defines the meaning of full employment 
as a continuing objective of policy, such 
standard being expressed, wherever pos- 
sible, in terms either of employment 
percentages or of absolute numbers of 
unemployed or in ranges of such per- 


centages or numbers ; 


and _thereafie; 
publish such revised standard as ma 
become necessary from time to time.’ Ay} 
analysis of the replies from government 
to a United Nations questionnaire wa 


subsequently published. (3) The Cana. 
dian Government declared that it had ‘no 
found it practical to adopt for Canada any 
arithmetical formulation of a full employ. 
ment standard’ having regard to jt 
rapidly expanding economy and its pecu. 
liar susceptibility to sharp seasonal and 


climatic variations, fluctuations in crop | 


yields and the vagaries of the export trade 
in primary products. The British reply 
referred to a standard, expressed as 2 
percentage of unemployment at. the 
seasonal peak, of 3 per cent. of the total 
number of employees, equivalent to one. 
quarter of one per cent. if stated in term 
of the total civilian labour force when 
account is taken of employees and self. 
employed persons. The United States 
Government did not determine its stan- 
dard by reference to any ‘ definite and 
unalterable percentage of the labour force’ 
but had adopted a procedure whereby 
the President in his economic reports to 
Congress announced year-by-year emn- 
ployment goals which might act as guides 
for economic policy. The Swedish Gov- 


ernment did not attempt to adopt a full | 
employment standard ‘ and probably will | 


not do so since, at least with regard to | 


Swedish conditions, it is felt that a rigid 
fixing of such a standard will not do s0 
much toward helping to maintain the 
present full employment.’ The Belgian 
Government gave a statistical definition 
of full employment and estimated that 


this definition would allow for an unem- | 


ployment percentage of 2-9 of the total 
civilian labour force or 3-7 of the labour 
force available for hire. This excursion 
into the niceties of the decimal point may 
be set against the disarming simplicity of 
the reply of the Kremlin that ‘ there is no 
unemployment in the Union of Soviet 
Socialist Republics and full employment 
of the population is assured.’ 

The answer must be sought, not in terms 
of employment totals or percentages, but 
in terms of the effects on the economy 0 
the measures taken to increase or maintail 
the level of employment. These measures 
consist basically in operating on the flow 
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of money incomes. Whether or not that 
i; accompanied by public works or by 
planned expenditure is of secondary im- 

rtance. In a condition of extensive 
yunder-employment, increasing the flow of 
money incomes though charged with in- 
flationary possibilities does not display the 
ysual symptoms of inflation in the early 
stages. Some of the ‘slack’ of unemployed 
resources will be taken up with prices and 
wages substantially unaffected. Sooner 
or later, however, the character of the 
process alters. Employment continues 
to increase but prices and wages also move 
upwards and strains and stresses, which 
increase in prominence as full employ- 
ment is approached, appear within the 
economy. In the course of the same 
process, moreover, the volume of imports 
increases under the influence of rising 
home demand while exportable commodi- 
ties are diverted into the channels of home 
consumption and the exporting industries 
experience increasing difficulties in attract- 
ing or retaining labour and capital which 
would enable them to expand their 
exports. 

Of course there may be special factors 
which either add to or subtract from this 
simplified account. In our own case we 
sacrificed, during the war period, large 
amounts of our overseas investments and 
the income therefrom. We received gifts 
and loans from overseas to assist our 
post-war recovery and we allowed much 
of that external aid to be transferred to 
our overseas creditors. And the adverse 
movement in the terms of trade obliged 
us to exchange a larger quantity of exports 
for a given quantity of imports. But 
these factors affected the setting of the 
problem rather than the problem itself 
and should not distract us from the main 
issues, 

Here we may add, though the point is 
one to which we shall have occasion to 
return, that where we are concerned with 
an overstretched economy the problem of 
relative prices acquires a greater signi- 
ficance than the problem of general prices 
because it is movements in relative prices 
which affect the allocation of resources, 
and it is that allocation of resources which 
is so liable to become unbalanced when 
inflationary forces are at work. I would 
hot suggest that in an under-stretched 
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economy relative prices count for nothing, 
but by comparison with the situation 
with which we are now concerned their 
significance is less. Where there are 
‘pocketfuls of slack’ abundantly scat- 
tered throughout the economy an in- 
creased demand in one direction is not 
likely to be satisfied only by withdrawing 
resources from other lines of production. 
In a general absence of ‘ slack ’ it is a very 
different type of problem which must be 
resolved. 

Two further considerations may be 
mentioned. (a) When a close approach 
to full employment has been reached, 
unless there is an increase in capital pro- 
portionate to the further increase in 
employment—requiring, in the absence of 
external subventions, an increase in the 
volume of saving—productive resources 
will be spread more thinly over the widen- 
ing field of employment so that we get the 
emergence of bottle-necks and a tendency 
for production in the aggregate to slow 
down. If this occurs while the flow of 
money incomes continues to increase the 
inflationary ‘gap’ is widened and the 
stage is set for further difficulties to come. 
(6) But the upward movement in prices 
is unlikely to be allowed to proceed un- 
checked. In an attempt to restrain the 
price-wage-price spiral, price controls 
and subsidies are introduced for what are 
deemed, for some social reason, to be the 
more important items of production and 
the inflation becomes suppressed. At this 
stage the price mechanism is deprived of 
one of its main functions in the allocation 
of resources and this occurs precisely at 
the time when the problem of relative 
prices has increased in significance. What 
I might call the ‘natural’ distortions 
of the structure of prices which are a 
concomitant of the ordinary processes 
of inflation are now supplemented by the 
artificial distortions which result from the 
attempt to suppress the effects of these 
inflationary forces. These two sets of 
distortions are not necessarily of the same 
kind, nor do they necessarily operate in 
opposite directions. And even if they do, 
there is no reason to suppose that the 
second set will exercise a compensating 
or correcting influence over the first. 
Bottle-necks, shortages and delays are 
therefore liable to become even more 
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conspicuous and in spite of a general 
appearance of overall activity a deteriora- 
tion both in quantity and in the quality 
of production may set in. Excesses of 
aggregate demand no less than deficiencies 
can lead to a wastage of productive power. 
Nor is this type of situation eased by an 
over zealous concern for the claims of 
equity, especially if, as is probable, the 
claims of equity are advanced in disregard 
of the claims of cost and _ profitability. 
Subsidised prices for scarce commodities 
are calculated to stimulate the demands for 
such goods and so intensify the shortages. 
They certainly do nothing to ease the 
pressure on the limited supplies which are 
available. 

The failure to grapple with the infla- 
tionary element in the over-full employ- 
ment situation has been the principal 
weakness in the direction of economic 
affairs in recent years, a weakness which is 
manifested both by the real strains which 
are developed within the economy and 
by the recurring exhortations to industry 
to step up its productive efficiency. It 
cannot fail to be a source of surprise that 
a policy which claims to have raised the 
level of employment to so high a point 
should find it necessary, if aggregate 
supply had kept pace with the increase in 
aggregate demand, to insist on still greater 
productivity as a means of preventing an 
industrial recession or of checking infla- 
tion. I hope that nothing which is said 
here will appear to discourage the many 
efforts which have been made to respond 
to these appeals but it must be made clear 
that increases in productive efficiency 
are always desirable and that they have 
no particular relevance as a means of 
preserving full employment. The fact that 
special exhortations of this kind are 
thought to be important by the public 
authorities may be taken as some evidence 
that aggregate demand has exceeded 
aggregate supply and that increased pro- 
duction is required as a means of closing 
the gap. And we do well to remind our- 
selves that government has at its disposal 
an alternative method of achieving the 
result—by reducing aggregate demand to 
the appropriate level. Indeed, if the 
appeal to industry is to be effective it 
imposes upon government an obligation 
not to frustrate the response of industry 


by action which will keep the gap as wi¢, 
open as it was before the appeal wa 
made. 

Apart from the internal stresses create; 
by these inflationary forces there js ; 
likelihood of a persisting balance of pay. 
ments deficiency which indicates a failure 
to adjust the economy to the internation 
framework within which it works, J 
these circumstances, if equilibrium is 
be restored, some means must be found 
for contracting the internal demand fo 
imports to the level of export earnings and 
for that purpose a variety of measures may 
be employed ranging from import cuts to 
new or larger budget surpluses and from 
higher interest rates to currency devalua- 
tion. It is not difficult to conceive of 
circumstances in which any one of thes 
measures would be preferable to all the 
others and something will depend upon 
whether the balance of payments problem 
is an ephemeral or an enduring one. If 
it is the latter, as in the situation which 
we are now considering, the appropriate 
method may have to be drastic and con- 
prehensive and it must be one which does 
more than suppress the symptoms. Import 
cuts, apart from their inflationary nature 
if taken in isolation, cannot make any 
strong appeal except as an 
measure pending the introduction of other 


interim | 


more effective arrangements. ‘The budget 
method of restoring equilibrium is slow to 


operate and cumbersome in its applica: | 
Currency devaluation, though on | 


tion. 
occasion presenting itself as the least 
objectionable of the available alternatives, 
is not a suitable instrument for repeated 
use, and if unsupported by other measures 
may merely postpone the fulfilment of the 
crisis to a later date. Higher interest 


rates, powerful though they may be in| 


their application, may, if relied upon by 
themselves, create complications in other 
directions. When crisis conditions exist, 
however, or when they are developing 
with speed, it is fatal to refrain from any 
action because each of the possible 
actions which may be taken is incot 
venient or hurtful in particular quarters. 
The greater the neglect which has pet 
mitted the inflation to develop the mort 
certain it is that the corrective actiot, 
when it is taken, will be hurtful. 

I come now to two features of the debate 
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which have received considerable pro- 
minence though usually in isolation. One 


' concerns the hopeful search for solutions 


by the method of international co-opera- 
tion ; the other concerns the tendency for 
price inflation to be followed by cost 
inflation within the economy with a con- 
sequent apparent shifting of responsibility 
for the inflationary process, and in par- 
ticular the hope that salvation may be 
found through the adoption of a new 
‘wage policy.’ 

In both instances the possibility of 
success depends upon the relevance of the 
action to the problem to be resolved and, 
as it happens, in the case of the first, much 
of the discussion which has taken place 
has been relevant to a situation which 
certainly had been anticipated but which 
has not as yet arisen. It might in fact be 
said that the approach to the problem of 
international co-operation had not suc- 
ceeded in re-orientating itself to the facts 
of the post-war situation. ‘The point here 
is one which it is perhaps worth while to 
develop. 

Full employment, according to the now 
familiar argument, requires the adoption 
of a particular economic policy at home. 
But a country with trading relations 
abroad is exposed to the risk that forces 
originating outside its territories and over 
which it has no direct powers of control 
may inflict significant damage to the par- 
ticular high level of employment which 
itwas hoped to maintain. It was perhaps 
true that a diminished foreign demand for 
the products of the exporting industries 
might, in terms of aggregates, be offset by 
an expansion of demand in other direc- 
tions, but there could be no assurance that 
the compensating demand could or would 
be located in a manner which would take 
up the ‘slack’ in the exporting industries. 
Some measure of excuse may be permitted 
to those who are mildly impatient with 
the serene dwellers in the realm of 
economic aggregates and we do well to 
remind ourselves, in this place, if reminder 
Is necessary, that in certain of these 
matters, aggregates like patriotism are 
hot enough. On the other hand, a 


In December 1951, before the recession in the 
textile industry, the unemployment percentage in 
Northern Ireland was 8-5 as compared with 1-4 
in Great Britain as a whole and 2-8 in Wales and 
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foreign trade may be essential to the most 
economical deployment of a country’s 
resources and the attainment of the 
highest living standards so that complete 
immunity from this vulnerability is not to 
be contemplated. In these circumstances 
the problem arises of the possibility of 
stabilising the external forces which might 
be responsible for disturbing repercussions 
on the level of employment. In the post- 
war years the frustrating recurrence of 
balance of payments crises in this country 
has done much to encourage the view, to 
my mind wrongly, that our difficulties 
have been in the main of foreign origin. 
Under Articles 55 and 56 of the Charter 
of the United Nations member nations 
placed themselves under an obligation to 
take joint and separate action to promote 
higher standards of living and full em- 
ployment. If, then, the full employment 
of one country is placed in jeopardy by 
reason of forces operating abroad there 
would be a presumption either that some 
other member or members were not 
adequately fulfilling their obligations 
under the Charter or that there were 
sources of instability which could not be 
controlled except by joint action. In 
recent years, three Reports by committees 
of experts appointed by the Economic 
and Social Council of the United Nations 
have considered means for reducing or 
regulating this type of instability. The 
first (4) dealt, inter alia, with the problem 
of stabilising the flow of international 
trade. The second (5) was concerned with 
the particular instability of countries 
which were wholly or mainly suppliers of 
primary products. And the third (6) was 
charged with the task of formulating 
‘alternative practical ways’ of dealing 
with the problem of reducing the inter- 
national impact of recessions while at the 
same time having regard ‘ to the problems 
of under-developed countries, which are 
specially vulnerable to fluctuations in 


Scotland, the Regions in Great Britain which had 
the highest rates. In April 1952, after the start 
of the textile recession, the rate in Northern Ireland 
was 10 as compared with 2-2 in Great Britain as a 
whole and 4-8 in the North Western Region where 
the incidence of the recession was most pronounced, 
It may, of course, be conceded that Lord Keynes 
was not unaware of the limitations of an argument 
which laid its principal stress on economic aggre- 
gates. Cf. General Theory of Employment, p. 286. 
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international commodity markets and to 
related fluctuations in the terms of trade.’ 

The recommendations contained in the 
first of these Reports, apart from those 
which were of a domestic character, fell 
into two main parts. (a) Countries which 
undertook long-term foreign investment 
should fix their aggregate foreign lending, 
both on private and on public account, 
for five years ahead and should undertake 
to make good any difference between the 
actual flow and the anticipated flow, this 
to be done through the medium of the 
International Bank for Reconstruction and 
Development. (4) Countries which ex- 
perienced a reduction in their exports 
through a falling-off in foreign demand 
would be entitled to obtain a special 
allowance of foreign exchange to enable 
them to meet the deficits on their balances 
of payments without resorting to cuts in 
their own imports which would be reflected 
in reduced demands for the exports of 
other countries. For this purpose, coun- 
tries whose imports had fallen off and who 
were therefore in surplus on their balances 
of payments on current account would 
be required to lend back to the deficit 
countries any increase in their own foreign 
exchange reserves which resulted from 
the decline in their imports, this to be 
done through the medium of the Inter- 
national Monetary Fund. 

The measures thus suggested would 
clearly not be sufficient in themselves 
since they would be limited to restraining 
the spread of a recession consequent upon 
one country’s lapse from full employment. 
Countries whose exports had declined 
would require to take supplementary 
measures either to maintain employment 
in their exporting industries or to absorb 
in other employments the redundant 
labour attached to these industries. But 
that task, though formidable, would be 
less intractable than the corresponding 
task where the initial lapse from full em- 
ployment was allowed to transmit itself 
cumulatively through a dwindling volume 
of international trade. Nevertheless the 
proposals were not regarded as practical 
by the governments which were repre- 
sented on the Economic and _ Social 
Council. The Report of the third com- 
mittee—that of the second need not be 
dealt with here in detail—which was given 


the task of presenting alternative measure; 
made three proposals: (a) international 


commodity agreements designed to stabj. | 


lise particular world commodity markets. 


(b) an increase in the resources of the} 
International Bank for Reconstruction | 


and Development to enable that instity. 
tion to expand the flow of its lending jn 
the event of a recession ; and (c) increased 
facilities by the International Monetary 
Fund to members confronted with tem. 
porary difficulties in their balances of 
payments. 

I cite these Reports because they appear 
to reflect much of the contemporary think. 
ing on the international aspects of fill 
employment policies. Criticism of the 
Reports has been confined in the main 
to the practicability of the measures pro- 
posed. But there are three comments of 
a more general character which suggest 
themselves. First, there is the same dis- 
concerting pre-occupation with economic 
aggregates which has already been men- 
tioned and which may obscure other 
quite basic elements in the _ problem. 
Foreign lending is regarded primarily 
as a source of employment. The worth- 
whileness of the investment in terms of 
profitability is of secondary importance. 
As I write these lines there comes to 
me Professor Frankel’s refreshing essay 
on Some Conceptual Aspects of International 
Economic Development of Underdeveloped 
Countries. Professor Frankel remarks with 
justice that ‘the discussion about the 
amount of capital which should be made 
available by the United States for under- 
developed countries has frequently been 
based not on the opportunities actually 


available for its economic use but on | 


alleged ‘‘ calculations ” as to how much 
the United States economy must “‘ invest ” 
abroad (in the aggregate!) to ‘‘ maintain” 
full employment, export industries, etc., at 
home.’ Such is one of the consequences 
of ‘ the view that economic development 
must be determined by collective ob- 
jectives expressed in the symbolism of 
aggregate statistical abstractions.’ 
Second, it cannot escape notice that the 
Reports concentrate on a situation 10 
which a significant lapse from full employ- 
ment has occurred in one of the trading 
countries. The main purpose of the 
proposals is to prevent the spread of 


164 


with 
situat 
count 
empl 
on 4 
empl 
with 
And 
the 
to ac 
case, 
the 
that 

co 
of re 
Unit 
and 
wide 
the 
itsel 
mos 
speet 
the « 
med 
inve: 
For 
pay: 
over 
pose 
 irrel 
cou 
ont 
that 
| to 
The 
imp 
has 
proc 
the 
thos 
SUIT 
the 
hav 
| Tese 
be 
erri 

bo 
thi 
the 
agr 
pa 
acc 

co 

co 
me 

| 


‘asures, 
ational 
Stabj. 
rkets 


of the 


‘uCction 


nstitu. 
ling in 
Teased 
netary 
1 tem- 
ces of 


ippear 
think. 
of full 
f the 
main 
pro- 
nts of 
Ig gest 
dis- 
nomic 
men- 
other 
blem. 
narily 
yorth- 
ns of 
ance, 


es to | 


essay 
tional 
eloped 
with 
the 
nade 


recession. What they do not consider 
with corresponding thoroughness is the 
situation which arises where one of the 
countries by an over-zealous pursuit of full 
employment releases inflationary forces 
on a scale which generates over-full 
employment and finds itself confronted 
with an acute balance of payments crisis. 
And yet that is the situation rather than 
the one to which the experts were asked 
to address themselves which, in our own 
case, has arisen on three occasions since 
the end of the War. It may be conceded 
that the decision to appoint the first 
committee was influenced by the symptoms 
of recession which had developed in the 
United States during the first half of 1949 
and which, it was feared, might have 
widespread repercussions elsewhere. But 
the other problem had already presented 
itself on a scale sufficient to warrant the 
most careful examination and with the 
speedy recovery of the American economy 
the case for its examination was more im- 
mediately justified, even if the result of the 
investigation might be mainly negative. 
For the situation in which a balance of 
payments crisis arises from inflation and 
over-full employment at home the pro- 
posals put forward by the experts are 
irrelevant. In such a situation the 
countries which find themselves in surplus 
on their balances of payments are not in 
that position through their own failure 
to maintain a high level of employment. 
They are in surplus on account of excessive 
importing by some other country which 
has failed to keep its own inflationary 
proclivities within proper bounds. In 
these circumstances it is unlikely that 
those countries which find themselves in 
surplus will be prepared to lend back to 
the deficit country whatever increases 
have occurred in their foreign exchange 
reserves. If this were not so, there would 
be no limit to the extent to which an 
erring country could live on its neigh- 
bours. Similarly, the proposal, in the 
third of the Reports mentioned, to extend 
the scope of international commodity 
agreements for the purpose of stabilising 
particular commodity markets takes no 
account of the additional strain which 
could be imposed on such schemes by 
countries with recurring balance of pay- 
ments crises consequent upon their own 
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domestic policies. In the post-war years 
the temptation to attribute one’s own 
misfortunes to the cupidity or neglect of 
one’s neighbours has been exploited by 
partisan interests to an unpardonable 
degree, in disregard both of the historical 
record and of moral candour. Interna- 
tional co-operation in the field of economic 
affairs has an important and _ useful 
function to perform, but we do it no 
service by charging it with tasks which 
it cannot accomplish. The balance of 
payments crisis which has_ recurred 
in this country is not one which by its 
nature is capable of solution wholly or 
mainly by international action, however 
much its repercussions may be felt by 
other countries whose governments have 
taken a stricter view of their economic 
responsibilities. 

Third, and at the risk of some repetition, 
it may be observed that the measures 
proposed have a common link with most 
of the schemes which have been evolved 
in connection with employment policy 
in the last eight years. They have in- 
volved plans to cope with the type of 
problem which was prominent during 
the inter-war depressions. And they have 
an inflationary bias in so far as they have 
been more concerned with the main- 
tenance of demand than with the main- 
tenance of supply. It may be that the 
occasion will yet arise when projects with 
this type of bias will deserve more prac- 
tical consideration but to apply them 
when precisely the opposite type of bias 
is appropriate is to make for instability 
and disharmony rather than the reverse. 

I come now to the second of the two 
features of the debate which I mentioned 
earlier—the tendency for price inflation 
to be succeeded by cost inflation, and the 
desire for a new wage policy. In the 
Report on National and International Mea- 
sures for Full Employment there is some 
recognition that the general responsibility 
which falls upon governments for main- 
taining the stability of the price level is 
enhanced by their adoption of full 
employment policies and that to avoid 
a wage-price spiral ‘it is essential that 
steps should be taken to ensure that the 
stimulation of effective demand is carried 
only to the point required to maintain 
full employment and not in excess of this 
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amount’ (7). To this impeccable senti- 
ment no exception can be taken. There 
is also some recognition that ‘ an infla- 
tionary price spiral could occur if labour 
unions, farmers’ groups, trade associations, 
cartels or business monopolies pressed for 
increased earnings in such a way as to 
produce a continuous upward pressure 
on prices’ (8). But it is not particularly 
helpful to read under the rubric of ‘ recom- 
mendations ’ that ‘ if there is evidence of a 
continuous general upward pressure of 
money wages exceeding substantially the 
rate of increase of productivity and lead- 
ing to offsetting price increases, the 
situation requires such action by the 
government, jointly with organised labour 
and employers’ associations, as would 
ensure that any wage increases that may 
be granted will not result in a general 
wage inflation. The character of the 
action to be taken would naturally depend 
upon the conditions ruling in each 
country’ (9). It is impossible not to 
contrast the imprecision of this section of 
the Report with the elaborate confidence 
with which the recommendations in the 
field of international action are set out. 
The issue here is generally discussed in 
terms of wage policy. An excess of 
aggregate demand creates conditions which 
are favourable to wage increases which 
push prices up still further. So long as we 
think of full employment in terms of its 
popular version ‘more jobs than men’ 
we are contemplating a situation which 
is charged with a high inflationary 
potential. It is difficult to feel satisfied 
with the debate which has centred round 
this issue. Lord Beveridge’s solution (10) 
fell into two parts. (a) The central 
organisations of labour should endeavour 
to formulate a ‘ unified wage policy’ to 
ensure ‘ that the demands of individual 
unions will be judged with reference to the 
economic situation as a whole.’ This 
wage policy, we are told, would depend in 
part upon the behaviour of prices and it 
should be the business of government to 
preserve a stable price level. If prices 
were kept steady, money wages might be 
allowed to rise in keeping with rising 
productivity, or at an even greater rate if 
the share of the national product which 
goes to labour is to increase. But the 
emphasis is on a co-ordinated wage policy 
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rather than on a particular wage Policy 
and we are left with the solace thy 


‘organised labour in Britain has suf} 


ciently demonstrated its citizenship an( 
responsibility to justify the expectatig, 
that it will evolve, in its own manner, th 


machinery by which a better co-ordinate} 


wage policy can be carried through, 
(6) Under full employment ‘ wages ough 
to be determined by reason, in the ligh 


of all the facts and with some regard tf 


general equities and not simply by the 
bargaining power of particular groups ¢ 
men.’ ‘This suggests, not that ther 
should be a continuance in peace of the 
compulsory arbitration which has bee 
accepted in war, but that collective 
bargains should in general include 2 
clause for arbitration by an agreed arhi- 
trator, in default of agreement between 
the parties.’ 4 

There is, of course, no evidence that 
organised labour has made or is likely to 
make any serious effort to formulate a 
wage policy in the sense in which Lord 
Beveridge has used that expression. Trade 
union autonomy in these matters is a 
highly cherished prerogative which would 
not be surrendered lightly. However much 


union leaders may appear as advocates | 


of central economic planning they have no 
desire to allow this type of planning to be 
applied to the affairs of their own organi- 
sations.2 In this respect their instincts 
may speak more wisely than their counsel- 
lors. And in any event it is the particular 
wage policy resulting from the co-ordinated 
effort to which importance should be 
attached and not merely the fact that a 
co-ordinated policy had been evolved. 
Are we to take it as axiomatic that the 
co-ordinated wage policy of organised 
labour could not be other than wise? | 
find it impossible to subscribe to the 
simple faith which would answer this 
question in the affirmative. 

In suggesting this scepticism I do not 
animadvert on the behaviour of trade 


1 For all practical purposes this condition, 4 
regards arbitration, now in fact exists. 

2 It is true, I think, that most exponents of the 
virtues of central economic planning are reluctant 
to ‘ plan wages ’ and show a tenderness to the trade 
unions which is noticeably absent from their treat- 
ment of other private institutions and activities. 
An exception to this is to be found in Professor 
Barbara Wootton’s Freedom under Planning. 
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union leaders. We have no ground for 
supposing that in matters of public respon- 
sibility these leaders are significantly 
different from those who are to be found 
in other spheres of activity. But their 
normal responsibilities are towards their 
members and the entire basis of trade 
ynion organisation becomes an anachro- 
nism if the main business of trade union 
leaders in conditions of full employment 
is to behave as economic supermen in 


. the formulation and execution of a 


nationally co-ordinated wage policy. Who- 
ever would presume to undertake this 
task would certainly be least qualified for 
its performance since the appropriate 
qualities would include not merely a dis- 
interested regard for the public well-being 
and the advantage of his own union but 
also the possession of a degree of know- 
ledge to which no responsible person 
would lay claim. 

The assumption of the proposal is, of 
course, that a unified wage policy would 
be more modest in its claims than one 
which merely emerged out of the diverse 
pressures exercised separately by the 
several unions. I cannot with any con- 
fidence accept this view and it cannot be 
supposed that the truth of the proposition 
is self-evident. And if we look to those 
instances where a national wage policy 
has been attempted with or without the 
concurrence of the trade unions the 
results are not remarkably encouraging. 
In Germany, a wage stop was introduced 
in 1933 when unemployment was high 
and maintained when unemployment was 
low, but in the latter period it was subject 
to much evasion and in any case was 
accompanied by a drastic curtailment of 
many of the normal trade union functions. 
In this country we have had voluntary 
wage restraints for which some measure of 
success may be claimed, but if we are to 
take a long view and contemplate the 
prospect of permanent boom conditions it 
is difficult not to suspect that the nebulous 
principles outlined in successive White 
Papers (11) will evoke diminishing re- 
sponses with the passage of time. The 
mood of the decalogue is hardly a suitable 
foundation for long-term policy. In the 
United States the stabilisation efforts of 
the National War Labor Board from 1942 
to 1946 and of the Wage Stabilisation 
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Board since 1950 have been criticised on 
the ground, among other things, that they 
were expressed in general rules which 
lacked flexibility. In Holland, the system 
of wage control operated by the College 
of Arbitrators cannot be said to have pro- 
vided a model for obvious imitation and 
in the countries of Scandinavia since the 
lifting of the ban on wage increases it 
would be difficult to say on what prin- 
ciples the national wage policy has been 
based. 

Despite this discouraging history, the 
hope still lingers that means may yet be 
found for making an appropriate wage 
policy more specific. Running through 
the British White Papers is the idea that 
wage movements, other than those which 
are in response to marked changes in the 
cost of living, should follow the course of 
industrial productivity. Lord Beveridge 
lent his support to this notion in a passage 
which has already been quoted. Similarly 
Professor Hansen (12) has suggested, 
more guardedly perhaps, that ‘in some 
industries it should be possible to include 
in the collective bargain provision for a 
systematic schedule for wage increases 
based on over-all productivity trends’ 
and that ‘ this schedule should be subject 
to periodic review.’ In this way, we are 
told, a rational price policy would become 
possible. ‘ Ifa systematic upward-moving 
schedule of wage increases were instituted, 
based on the general gains in productivity 
for the economy as a whole, then also a 
continuous pricing programme could be 
instituted designed to give consumers their 
share in exceptional cost-reducing im- 
provements through lower prices. In this 
manner the interests of the general con- 
suming public, together with the interests 
of employers, could be met by a con- 
tinuous process of adjustment equitable 
to all parties concerned.’ 

In fact, of course, and without reference 
to undue complications there are in this 
connection three lines of policy from which 
to choose. (a) The price level might be 
stabilised and general wage movements 
allowed to vary directly with productivity. 
(6) The wage level might be stabilised 
and general price movements allowed to 
vary inversely with productivity. And 
(c) price and wage levels might be stabi- 
lised and hours of work allowed to vary 
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inversely with productivity.!. This third 
possibility may, however, be regarded as 
a modification of the first and need not 
be considered separately. If we confine 
ourselves to the first two we may say that, 
in the one case, increases (or decreases) 
in productivity would be reflected by lower 
(or higher) prices, while in the other they 
would be reflected by higher (or lower) 
wages. In the first case there is a primary 
responsibility upon government to keep 
the price level stable and perhaps to pro- 
vide a satisfactory index of general pro- 
ductivity ; in the second there is a greater 
primary responsibility upon the trade 
unions to ensure that the wage level shall 
not be disturbed. On general grounds 
it is perhaps less difficult to envisage the 
fulfilment of the first of these responsibili- 
ties than the second, however discouraging 
may have been the experience of recent 
years, but the margin of confidence is not 
great. 

It is not impossible to contemplate col- 
lective agreements which incorporate 
sliding scales based on an index of pro- 
ductivity, but those who have favoured 
this type of arrangement have not ex- 
amined it in detail. Professor Hansen 
suggested that the device might be intro- 
duced ‘in some industries’ only, though 
the index of productivity which he had 
in mind was one which would reflect ‘ the 
general gains in productivity for the 
economy asa whole.’ An alternative possi- 
bility is that, for wage-scaling purposes, 
each industry might have an index of its 
own productivity. These two possibilities 
may be considered separately. (a) If 
wages are to be geared to an index of 
general productivity, assuming that there 
should be a broad acceptance of the 
proposition that wages and productivity 
should be connected by a mechanical link, 
those industries in which productivity 
increased by more than the average might 
be expected to earn more than average 
profits. It would then fall to the trade 
unions in those industries to resist the 
pressure from their members to participate 

1 In 1950, the American Federation of Labour 
invited the Economic and Social Council of the 
United Nations to place on the agenda for its 
10th Session an item concerning the international 


reduction of working hours as a consequence of 
rising productivity and this was referred to the 
I.L.O. 


in that greater prosperity by means ot even} 
And on the em.} 


greater wage advances. 
ployers’ side, greater prosperity would 
provide a legitimate ground for an e,. 
pansion which would require the attrac. 
tion of a larger labour force, but if they 
were only allowed to pay higher wages on 
the basis of the general productivity index 
for all industry they would suffer a re. 
straint on their ability to attract labour, 


In so far as relative wage movements in. } 


fluence the occupational and _ industrial 
distribution of labour a wage-productivity 
link of the kind proposed would do 
damage to the normal working of the wage. 
mechanism. These considerations may 
well be conclusive in themselves, quite 
apart from the unpopularity among wage 
earners of any arrangement whereby the 
size of their pay packets are determined by 
remote principles which cannot be visual- 
ised in terms of their own individual 
efforts. (b) If wages are geared not to an 
over-all productivity index but to an index 
for the industry in which the workpeople 
are employed some of the difficulties 
which have been mentioned become les 
potent. Trade unions would follow more 
closely their accustomed réle and the 
wage structure would retain a greater 
measure of flexibility. The objection that 
industrial boundaries are blurred and that 
the same occupation often cuts across a 
number of industries would, on the other 
hand, be more troublesome. But there 
remains a more important difficulty. A 
labour shortage may occur in an industry 
even though no increase has been recorded 
in that industry’s productivity index. In 
such a case the industry would be pre 


vented from attracting to itself, by the | 


offer of higher wages, the additional labour 
which would overcome that shortage. 
And under conditions of full employment, 
if inflationary pressures are to be kept in 
check, the need for a reasonably flexible 
wage structure as a means of ensuring 4 
proper distribution of labour is even 
greater than under conditions of less than 
full employment. 

It has already been suggested that in a 
fully stretched economy the problem of 
relative prices acquires particular signifi- 
cance. The same is true of the problem 
of relative wages. To meet this point 
Professor Lerner has suggested that the 
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general level of wages might be allowed 


-| to rise in proportion to the long-run over- 


all rate of progress in the productivity of 
labour, that for each industry an ‘ index 
of relative attractiveness ’ should be con- 
structed, and that relative wages should be 
adjusted by reference to these indices. 
There is no reason to suppose, however, 
that the application of this proposal would 
have either the simplicity or the merit 


- which its theoretical formulation would 


suggest. Not merely is the number of 
occupations much larger than is commonly 
supposed—and I suspect also by Professor 
Lerner—but their edges do not generally 
admit of sharp definition. 

I am obliged to reject the view that a 
national or a unified wage policy would 
provide an answer to the problem which 
confronts us. On the contrary, there is 
reason to suppose that such a policy would 
operate through general rules which, far 
fom making the wage structure more 
flexible in response to the requirements of 
a stretched economy, would add to the 
rigidities which already exist. And if we 
recognise the assumptions on which the 
case for a national or unified wage policy 
is usually based we may reasonably infer 
that the attempt becomes superfluous if 
the inflation can be prevented. 

The problems to which I have referred 
in this Address are mainly problems of 
maladjustment thrown up by the failure 
to keep a full employment policy within 
its natural bounds and rendered more 
intractable by the measures taken to 
suppress the effects of inflationary forces. 
A more troublesome problem, however, 
still remains. The pursuit of a full em- 
ployment policy carries with it a strong 
inflationary propensity and it is for con- 
sideration whether serious inflation is an 


* Economics of Employment, pp. 209 ff. ‘The index 
of relative attractiveness is defined as ‘the ratio 
between the number of people who are qualified 
and ready to work in the occupation but have not 
been able to get a job there and the number of 
people actually employed in the occupation’ 
(p. 214). ‘ The wage policy then consists of rules 
indicating that wages should in general rise at a rate 
equal to the rate of increase in productivity (about 
3 per cent. per annum), that wages should rise 
faster where the index of relative attractiveness is suffi- 
ciently less than the national average, and that 
wages should be frozen where the index of relative 
attractiveness is sufficiently greater than the 
National average’ (p. 219). 
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essential accompaniment of such a policy. 
We have the view of Professor Pigou (13) 
that ‘a moderate inflationary tendency, 
if it enables unemployment to be kept at 
a low level, would be well worth enduring. 
It is doubtful, however, whether a moder- 
ate inflation would prove sufficient to 
ensure a really good employment situa- 
tion.’ At least we may say that it is 
easier to disregard the prudencies and 
allow the twin evils of over-full employ- 
ment and inflation to develop than to 
maintain a ‘high and continuous level 
of employment’ in the absence of infla- 
tion. But it is the more difficult of these 
tasks to which our energies should be 
directed and the experience of recent years 
should strengthen our resolve. For infla- 
tion not merely deals harshly with those 
whose money incomes are fixed or in- 
flexible ; it afflicts the economy in ways 
which do damage to its efficient perform- 
ance ; and it leaves a legacy of adminis- 
trative encumbrances not justified in their 
own cause but only as the hasty and em- 
barrassing response to a situation which 
need not have been allowed to develop (14). 
It is no part of the purpose of this Address 
to examine the monetary and _ fiscal 
measures which have been taken in the 
course of this year to deal with the latest 
manifestation of crisis conditions. In the 
long run these particular measures, suc- 
cessful or unsuccessful, will appear as part 
of the treatment of a short-term situation. 
But we, and other countries, are com- 
mitted to the pursuit of full employment 
as an object of long-term policy, and much 
remains to be done to ensure that the end 
may be achieved unencumbered by the 
instabilities which have been experienced 
in recent years. We do no service to the 
public if, in the flush of enthusiasm for the 
end, we minimise or conceal the perils 
which attend the adoption of particular 
Otherwise full 


measures. employment 
policies will be taken in Gratiano’s 
fault : 


Thou art too wild, too rude, and bold 
of voice— 

Parts that become thee happily enough, 

And in such eyes as ours appear not 
faults ; 

But where thou art not known, why, 
there they show 
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Something too liberal. 
pain 

To allay with some cold drops of 
modesty 

Thy skipping spirit ; lest through thy 
wild behaviour, 

I be misconstru’d in the place I go to, 

And lose my hopes.} 


Pray thee, take 
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PROGRESS IN AERONAUTICAL SCIENCE 
AND ENGINEERING 


Address by 
Sir BEN LOCKSPEISER, K.C.B., F.R.S. 


PRESIDENT OF SECTION G 


Ir is exactly fifty years since the British 
Association held its last meeting in Belfast. 
When the President of this Section, Pro- 
fessor John Perry, gave his Address a 
century was opening that was about to 
witness more changes in the space of fifty 
years than had ever occurred in so short 
a time before. Industrialisation had 
already come to Britain, and with it the 
manufacturing power to command the 
markets of the world. The rising standard 
of living and the rapidly growing popula- 
tion confirmed the current belief in the 
inevitability of progress, but nobody fore- 
saw the rapidity of the advance of science 
and the swift growth and spread of its 
power throughout the world. Science and 
engineering have transformed the old 
social and economic world that John 
Perry and his audience knew so well, 
and we are still in the process of adapt- 
ing ourselves to the new technological 
civilisation in which we find ourselves. 

Nothing so surely puts a stamp on an 
era as the means of communication, travel 
and transport. England of the eighteenth 
century and the stage-coach were all of a 
piece ; industrialisation and the railways 
went hand in hand. Now we can fly. 
It is too soon to estimate the full conse- 
quences of so momentous an achievement, 
but they are bound to be far-reaching. 
Already we have discovered its conse- 
quence in war, for the last decisive military 
event in our history, the Battle of Britain, 
was won not, as formerly, on the land or 
sea, but in the air. In peace, the trend of 
events is indicated by the striking growth 
of air traffic. Last year nearly one-third 
of all the people who crossed the North 
Atlantic went by air. 

Man first took to the air in balloons, 


but he was at the mercy of all the winds 
that blew and there was still a year to go, 
when the British Association last met in 
this city, before the Wright Brothers flew 
in a machine that lifted itself by its own 
power. The flight at Kitty Hawk in 
U.S.A. was not more than a few hundred 
yards at a speed of some thirty miles an 
hour. It is doubtful whether this machine 
ever climbed more than 10 feet above the 
ground for it had too much drag, too much 
weight and too little power to leave much 
margin for climb. But it was enough. 
The Wright Brothers succeeded where so 
many others had failed, because of the 
relentless scientific attack they made on 
the problem of flight. As Kelly puts it in 
his biography of the Wright Brothers ‘ It is 
doubtful if the difficulties and full value of 
the Wrights’ scientific researches within 
their bicycle shop are yet appreciated. 
The world knows they were the first to 
build a machine capable of sustained flight 
and the first actually to fly ; but it is not 
fully aware of all the tedious, gruelling 
scientific laboratory work they had to do 
before flight was possible. Important as 
was the system of control with which the 
Wrights’ name has been connected, it 
would not have given them success with- 
out their wind-tunnel work which enabled 
them to design a machine that would lift 
itself.’ 

The wind-tunnel was their own inven- 
tion, in which they measured wind forces 
and determined centres of pressure on 
curved surfaces at various angles of attack. 
They studied the difficult problem of 
stability, particularly that of lateral stab- 
ility, and it was their mastery of this 
problem, and the type of control they 
invented, which enabled them to overcome 
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side-slipping and to avoid the tragic 
fate which overtook earlier experimenters. 
They were engineers also. They designed 
and built their aeroplane on the scientific 
data they had accumulated, and designed 
and developed their own engine of some 
20 h.p., weighing no more than 240 lb.— 
itself a triumph of engineering. The 
achievement of the Wright Brothers was 
in fact the outcome of a rare combination 
of science, invention and engineering. It 
came as a climax to a long period of 
human endeavour and was one of the 
epoch-making achievements in man’s 
history. 

It required no great gift of imagination 
to visualise the revolution this flight had 
started. The main principles having 
been established and successfully demon- 
strated, progress was rapid. Six years 
after the flight of the Wright Brothers, 
Bleriot crossed the Channel in forty 
minutes, and within sixteen years Alcock 
and Brown flew the Atlantic, for the first 
time, in less than seventeen hours. These 
three machines have changed the course 
of history. 

These three aircraft were probably as 
good as anybody could have designed 
and made with the materials, know- 
ledge and techniques available at the 
time. None of these aircraft, however, 
could pass muster today. In a space of 
thirty years or so the aeroplane has 
evolved from a wooden skeleton, covered 
in fabric, to a streamlined all metal mono- 
plane built up of hollowshells in aluminium 
alloy. A glance at the most modern and 
cleanest of our aircraft, the Comet, in 
flight, shows the magnitude of the change. 

The aeronautical engineer uses the 
term ‘ clean ’ to signify design excellence, 
and if we wish to understand what has 
happened in the air during fifty years we 
might take this criterion as a starting- 
point and ask what it implies. A clean 
design is one of low air resistance, or drag, 
as it is usually called. This is obviously of 
the first importance because the work done 
in level flight between two points is a 
product of the drag and the distance. 
The less the drag the smaller the engine 
thrust required. And since drag varies 
with air density and therefore decreases 
with altitude for any given incidence, it 
pays, over long distances, to fly as high 


as possible consistent with the load to yf. duce 
carried and the power characteristics ¢ 
the engine. ‘ sha 
Aerodynamic drag is quite a compl. ift a 
cated affair, but certain things are obvioy eat | 
from the start. A fixed undercarriage 
carried in the air stream creates drag oi 
contributes nothing to lift and is a plaip serof 
liability on the engine. So also are ¢&. by us 
ternal struts and bracing wires, and, in is 
fact, any parts of the structure that nee choice 
not be exposed to the air stream. It j detert 
the business of the aeronautical enginee Pro 
to get rid of drag from these cause} osc 
Indeed, as the first step to progress he wa; inf 
obliged to do so. He tucked the unde. layer. 
carriage away after take-off. He turned } jhin | 
from biplanes to monoplanes and elimin- | the 
ated struts and wires leaving only externa | jotto 
wing supports. These, too, disappeared | pave 
when his increased knowledge of struc | ji. ; 
tures, and the production of bette parti 
materials, brought into being the canti- | surf 
lever wing. He enclosed the cockpit and | cyt 
mounted the engines in nacelles. Now} enco 
he has buried the engines in the structure, wing 
and virtually nothing remains today of and, 
drag from unnecessary excrescences. wher 
But a clean design means something} jo ¢j 
more than absence of unnecessary pro} yoly; 
jecting parts. It implies certain standards} jy q, 
of excellence in its shape and lines} 
Streamlined in fact, and the lines we speak A 
of are lines of air flow which, could they | rece 
be made visible, as they can be experi | coy, 
mentally by means of smoke, would be | cent 
seen, in a perfect shape, to bend smoothly winy 
and flow snugly round curved surfaces of} con; 
the structure, leaving no turbulent wake.| par 
Any departure from the ideal aerodynamic } The 
shape promotes the breakaway of the ait larg 
flow from the surface and the formation | of ( 
of large-scale eddies of turbulence. This} the 
churning up of the air is sheer waste, and | ind 
the power to produce it makes an ut | two 
necessary call on the engine. How largt } alo, 
it was and how great the savings of power is, 
which would be possible if profile drag F sec 
were reduced to its ideal minimum welt | yer 
first pointed out by Melvill Jones in 1929. | Thi 
His lecture on the subject was fits F sur 
regarded as an exercise in idealism, but F tha 
something approaching what Melvill Jon | the 
foretold was accomplished within twenty 
years. me 
The other source of drag, known 4f Ra 
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induced drag, is bound up fundamentally 
with lift. Flight is only possible because 
of shaped bodies called aerofoils whose 
lift is many times their drag, but however 

eat this ratio, we cannot have lift with- 


‘out induced drag, both of which arise 


fom the circulation of air around the 
jerofoil. Induced drag can be reduced 
by using wings of high aspect ratio (the 
ratio of the span to the chord) but the 
choice of aspect ratio in design is mainly 
determined by other reasons. 

Profile drag arises from the normal 
pressures on the surface of a body and the 
skin friction which occurs in the boundary 
layer. Ideally, if the flow within that 
thin layer were laminar over the whole of 
the surface we should be down to rock 
bottom. But although great advances 
have been made we have not attained 
this ideal state. In laminar flow every 
particle of air moves tangentially to the 
surface of the body, and this is not diffi- 
cult to achieve when the air is first 
encountered. But in its passage over the 
wing the boundary layer becomes thicker, 
and, normally, a transition point is reached 
when the character of the air flow changes 
to that of a small-scale turbulence, in- 
volving a correspondingly large increase 
indrag. Figure | indicates diagrammati- 
cally the various types of flow. 

A considerable aerodynamic effort in 
recent years has been devoted in several 
countries to achieving as large a_per- 
centage of laminar flow as possible, and 
wing sections have been designed and 
constructed capable of maintaining lami- 
nar flow over 60 per cent. of the chord. 
The design data in this country have come 
largely from the brilliant mathematics 
of Goldstein and the construction from 
the high-class engineering of the aircraft 
industry. The conditions required are 
twofold. Firstly, the pressure conditions 
along the wing must be favourable—that 
i, the pressure must fall steadily, and 
secondly, the surface of the wing must be 
very smooth and free from waviness. 
This condition is very exacting as the 
surface smoothness must be equivalent to 
that of writing paper, and any waviness of 
the surface must be restricted to one or 
two thousandths of an inch, in 2 inches 
measured in the direction of the chord. 
Rather more waviness can be tolerated in 
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the direction along the span. Engineering 
difficulties in producing so true a wing 
surface and maintaining it in service are 
obvious enough. 

It is possible to control the boundary 
layer and delay the onset of turbulence by 
sucking part of the layer away through 
slots or a porous surface. Much effort 
has been given to the solution of this 
problem both in the U.S.A. and in this 
country, particularly by Griffith. Suffi- 
cient experimental work has been done 
to show the possibility, by wing suction, 
of moving the point of transition from 
laminar to turbulent flow back to about 
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75 per cent. of the chord, and if this 
principle were applied to the best modern 
design practice we might, at a conservative 
estimate, expect to reduce the total air- 
craft drag by about 25 per cent. This is 
a big factor which, translated in terms of 
range, would give a gain of 10-15 per cent. 
for the same take-off weight. 
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The real obstacle to taking advantage 
of these scientific and engineering ad- 
vances arises from the liability of the wing 
to pick up at low altitudes dust particles 
and insects which are frequently suffi- 
ciently large to cause local breakdown of 
the laminar flow to the turbulent form. 
A photograph obtained in flight at the 
Royal Aircraft Establishment, using an 
ingenious method, shows up the sharply 
defined dark triangular patches where 
local breakdown from laminar to turbulent 
flow occurs. Each breakdown has been 
initiated by a minute foreign body at the 
apex of the triangle. A possible method 
of minimising this kind of breakdown is to 
withdraw the turbulent boundary layer 


through a slot and thus to re-establis, 
laminar flow downstream. 

Implicit in the theory underlying th 
achievement of low drag is the conception 
of air as an incompressible fluid and fy, 
bodies moving at speeds below and nq 
comparable with the speed of sound this 


conception is substantially true in practice, | 


The velocity of sound in air at sea level 
is about 760 m.p.h. and the effect of 
the compressibility begins to make itself 
sensibly felt above about 500 m.p.h. One 
effect of compressibility is to produce ap 
increased drag rapidly increasing with 
rising speed and reaching near the speed 
of sound a value very much greater than 
would be encountered under conditions of 
incompressible flow. Figure 2 derived 
from data obtained by diving a Spitfire 
from high altitudes illustrates this. 

This is fundamental, for it is impossible 
to avoid the formation of shock waves 
which are the source of the largely in. 
creased drag, whenever the velocity of the 
air relative to the surface appreciably 
exceeds the local speed of sound. This is 
bound to happen at a forward speed 
appreciably below the speed of sound in 
the atmosphere, because the air is accel- 


erated in its flow over a curved body such | 
The shock wave occurs at | 


as a wing. 
the downstream end of the local region 
of supersonic flow, and behind it the speed 
is subsonic. 
wave depends on the shape of the wing 
section and its incidence, as well as on the 
forward speed. The accompanying film, 
which was taken in a wind-tunnel at the 
National Physical Laboratory, illustrates 
the formation of shock waves on a con- 
ventional symmetrical aerofoil at high 
subsonic speeds, and shows the movement 
of the shock wave back towards the trail- 
ing edge as the speed increases at constant 
incidence. When the shock wave moves 
back, the low pressure, in the region of 
supersonic flow ahead of it, extends over a 
larger fraction of the aerofoil surface, and 
there is therefore a movement of the 
centre of pressure with speed and incidence. 
This causes a considerable change in the 
stability of the aircraft. The presence of 
the shock wave may also cause a control 
surface located at the rear of the aerofoil 
to become ineffective. At supersonic 
forward speeds a bow wave is formed, and 
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the flow again becomes stable with no 
serious changes in the position of the 
centre of pressure as the speed or incidence 
are varied. 

The speed of sound in air varies as the 
square root of the absolute temperature 
and therefore decreases with altitude. It 
falls continuously from 760 m.p.h. at sea 
level until the stratosphere is reached 
where the speed is 660 m.p.h. A given 
aircraft speed represents a higher fraction 
of the speed of sound at altitude than at 
sea level, and since it is this fraction, 
rather than the velocity itself, which is 
the significant factor in compressibility 
phenomena, it is usual, in dealing with 
the performance of high-speed aircraft, to 
speak of the Mach number, i.e. the ratio 
of the forward velocity to the local 
velocity of sound. 

It is clear that the onset of shock-wave 
conditions at high subsonic speeds can be 
delayed by reducing the acceleration 
produced by curvature, and high speed 
flight therefore calls for thin wings and 
slim nacelles and bodies. These increase 
the critical speed, which can be raised still 
further by the use of swept-back wings, 
the effect of which is to reduce the effective 
thickness-to-chord ratio of the wing in the 
direction of flight. This great advance in 
aerodynamic design was first made in 
Germany, and its effect in delaying the 
rise of drag is illustrated in Figure 3 
(derived from figures given by Sir Harry 
Garner in his Wilbur Wright lecture, 1952) 
which compares the drag curves of two 
hypothetical modern aeroplanes of equal 
wing areas—one square winged and the 
other swept back 45°. The diagram illus- 
trates also that the advantage of sweep- 
back disappears at high Mach numbers. 
A typical modern fighter having swept- 
back wings and tail surfaces is the Hawker 
‘Hunter.’ 

The drag to be overcome at transonic 
speeds can therefore be considerably re- 
duced by slimming and sweepback, and 
may be further reduced by more know- 
ledge of the behaviour and control of the 
boundary layer immediately behind the 
shock waves, perhaps by suction, to pre- 
vent turbulence and breakaway of the 
flow. The speed of sound was thought 
at one time to constitute an impassable 
barrier, partly because of the excessive 
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drag to be overcome and partly because 
of the instability and loss of control 
likely to arise from the changing flow 
conditions. Both were, of course, very 
real difficulties, but in the event both 
have turned out to be less formidable than 
anticipated. Much of the information 
which led to surmounting these obstacles 
came from rocket propelled models and 
mainly from those experimented on by the 
National Advisory Committee on Aero- 
nautics in the U.S.A. Experimental aero- 
planes both in the U.S.A. and in this 
country have exceeded the speed of sound. 

The air resistance at these high speeds is, 
however, formidable enough, and _ the 
thrust to overcome it has only become 
possible by the introduction of the gas 
turbine and propulsion by reaction from 
a very high-speed jet of gas. Propellers, 
like aircraft wings, are subject to com- 
pressibility drag effects, and the combina- 
tion of forward and rotational velocities 
introduces increasing drag conditions over 
a considerable portion of the blade area 
after about 400 m.p.h. Up to this point 


175 


| 

| 

| — 

| 

| 


Sectional Addresses 


from comparatively low speeds the pro- 
peller is a very efficient means of pro- 
pulsion, efficiencies of about 85 per cent. 
being not uncommon, but beyond this, 
compressibility drag becomes of increas- 
ing significance and the efficiency drops 


sharply. ‘This is shown in Figure 4 which 
90° 
PROPELLERS | 

\ 
60 
40 


REACTION JET 
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COMPARATIVE PROPULSIVE EFFICIENCIES 
Fig. 4. 


contrasts this behaviour with the rise 
of efficiency of the jet as a means of 
propulsion. 

On this showing the propeller ought to 
hold its own with the jet up to speeds 
of at least 600 m.p.h. and, theoretically, 
even beyond this figure by the application 
to propellers of the principles of wing 
design for reducing compressibility effects 
already referred to. But, in practice, 
propulsion by jet is ahead of the propeller 
at lower speeds than this, because of other 
considerations. The elimination of the 
propeller eliminates also the disturbance 
of the air flow over the wing. The turbo- 
jet engine is much lighter and occupies less 
space than a corresponding piston engine 
and propeller, offset though this is by the 
jet engine’s higher specific fuel consump- 
tion. Range, of course, plays a determ- 
ining part in the balance of these factors 
but it is not the only one. The turbo-jet, 
particularly with axial flow compressor, 
can be built with a much smaller frontal 
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area per unit of thrust than any other typ 
of air consuming engine, and it can }| 
made to develop thrusts far in excess ¢j) 
anything hitherto obtainable. These yen) 
high thrusts obtained from the jet of th! 
gas turbine, coupled with its small front)! 
area, are the main reasons why it is y 
eminently suitable for propulsion at high| 
speeds. 

The highest credit attaches to Whitt 
for his pioneering work on the gas turbine 
but it is still in its infancy and its futur 
lies in higher efficiency of compression, 
higher compression ratios and higher ga 
temperatures. Advances will come fron 
more knowledge on air flow through rows 
of aerofoils, involving the same kind o 
problems of compressible flow as we have 
already encountered in the flow over a} 
wing. ‘The intake of air in a modern ga 
turbine engine amounts to about 5 ton 
a minute, and we are now just as much 
concerned about the behaviour of air 
flowing through an aircraft as over it. 4 
heavy price is paid for turbulence and 
separation wherever they occur. Higher | 
working gas temperatures may become | 
possible with blade cooling, either by air} 
or liquids, and from materials possessing | 
better creep resisting properties at high | 
temperatures. It is anticipated that steady 
advances in aerodynamics, gas dynamics | 
and metallurgy, together with the de | 
velopment of light-weight rotary heat | 
exchangers, will bring about a progres | 
sive reduction in the present rather high 
specific fue] consumption of the gas turbine. 

At supersonic speeds the total head 
pressure at the intake may become s 
high as to make a compressor superfluous, 
and since the turbine is only necessary to 
drive the compressor, the turbine becomes 
superfluous also. This leads directly to 
the simple conception of a shaped tube, 
called a propulsive duct or ram jet, with- 
out any moving parts, as a power unit for 
supersonic flight. Air is encountered at 
supersonic velocity and is reduced to | 
subsonic velocity through a shock wave at 
entry before reaching the combustion 
chamber. 
ratios at various Mach numbers ideally 
obtainable from this natural compressor. 
The duct is so designed to allow a suitable 
reduction of speed through the combus- 
tion chamber where fuel is burned undet 
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conditions of constant pressure. The 


burnt gases are then ejected through the 
jet pipe. The thermodynamic cycle is 
thus precisely similar to that of the turbo- 
jet. Figure 6 shows estimates of variation 
of overall propulsive efficiency of the ram 
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jet with aircraft velocity, and compares 
them with the efficiencies of turbo-jets 
and reciprocating engines with propellers 
at their optimum cruising altitudes. At 
low speeds, the ram jet is, of course, very 
inefficient and some form of boost is 
required to accelerate the aircraft to a 
sufficiently high speed at which the ram 
jet can operate economically. 

Another type of power unit of limited 
use in special circumstances in aircraft 
propulsion is the rocket motor, the charac- 
teristic feature of which is that, unlike 
the power units already described, the 
oxygen for combustion is not drawn from 
the surrounding atmosphere but is self- 
contained within the fuel. The main ad- 
vantages of the rocket motor are :— 


(i) Itscomparative simplicity and cheap- 
ness. 

(ii) The high thrust per unit area of 
combustion chamber cross section that 
can be obtained—10,000 to 30,000 Ib. 
per sq. ft. are common, and 

(iii) ‘The maintenance of approximately 
constant thrust with altitude. This is 
peculiar to the rocket motor and is of 
particular significance in obtaining high 
rates of climb at high altitudes. 


But of course a heavy price has to be 
paid for these characteristics. The rocket 
motor burns fuel extravagantly to provide 
the maximum possible thrust. Its specific 
fuel consumption is very high, about 
15-20 Ib. of fuel being consumed per 
hour per pound of thrust as compared 
with a corresponding figure of about 
1-3 lb. for the various air consuming jet 
propulsion systems. This type of pro- 
pulsion is best suited for special purposes, 
e.g. for assisted take-off for aircraft, for 
increasing the performance of interceptor 
aircraft during the climb and during 
combat, or for boosting aircraft from the 
subsonic to the supersonic range. 

The rocket motor was developed to a 
remarkable degree of excellence by Walter 
in Germany, one of whose motors formed 
the power unit of the Me. 163 interceptor 
fighter of the last war. In the first ex- 
ample of an aircraft powered solely by a 
rocket motor, the main interest in the 
design (apart from the use of a landing 
skid) is the large sweepback of the wings 
introduced eight years ago, and the 
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absence of the conventional tail unit. A 
very similar power unit propelled the 
German V.2 rocket. 

I have already indicated the part the 
metallurgist might play in the evolution 
of the gas turbine and many think he 
holds the key to its immediate future. But 
there is no doubt of the part he has 
already played in the evolution of the 
modern aeroplane. The change from the 
fabric covered biplane to the superbly 
finished metal covered monoplane is due 
primarily to the extraordinary advances 
made in the properties of light alloys and 
methods of fabrication. When the Wright 
Brothers flew, aluminium was little more 
than a scientific curiosity, a low density 
weak metal of about 5 tons per sq. in. 
tensile strength. Modern aircraft alu- 
minium alloys have a tensile strength as 
high as 40 tons per sq. in. with a density 
one-third that of steel, and the proof 
stresses of aluminium alloys have been 
almost doubled since the time of the first 
world war—an outstanding achievement 
providing a striking example of progress 
made under the spur of necessity. 

The development of light alloys which 
could be rolled into sheet of high strength 
coincided with important advances in 
structural science and led to the introduc- 
tion of the cantilever monoplane which 
created a major revolution in aircraft 
engineering. ‘The main structural change 
was the introduction of stressed skin or 
monocoque construction. This innova- 
tion killed two birds with one stone. It 
replaced fabric with a more robust 
material, more capable of resisting defor- 
mation and change of aerodynamic shape, 
and it enabled the surface covering to 
contribute very substantially to the strength 
of the structure as a whole. It made the 
most efficient use of material by placing 
it as near as possible to the outside surface. 
The skin now provides nearly all the 
torsional stiffness, whilst it also contributes 
to the bending strength of the wing, thus 
enabling a reduction in the weight of the 
main spars to be made. ‘The tail surfaces 
have developed on similar lines, while the 
fuselage early lent itself to monocoque 
construction. 

The recently developed magnesium 
alloys, especially those containing zinc 
and zirconium, have proved of great 


value in light-weight castings, such «| 


those for the compressor casings of ajp. 
craft gas turbines, for they have a strength 
weight ratio nearly 20 per cent. greate 
than that of the best aluminium alloys 
Magnesium alloys are also becoming avail. 
able as forgings, extrusions, and rolled shee, 
with very promising engineering proper. 
ties. High specific strength is not their 
only virtue : they can be machined faster 
and more easily than any other engineer. 
ing material, and they have completely 
displaced aluminium alloys in aircraft 
wheels. Magnesium alloys now account 
for about one-third of all light alloy cas. 
ings supplied to the aircraft and engine 
industries, and the proportion is growing, 

Light alloys based on aluminium and 
magnesium, suffer, however, a rapid loss 
of strength with rise of temperature. This 
has for long been a serious drawback in 
reciprocating engines where the piston 
temperature has limited cylinder diameter 
and power output. In the gas turbine, 
compression raises the temperature of air 
leaving a compressor with a compression 
ratio of 6:1 to well over 200° C., and 


copper-bearing aluminium alloy blades 


are now giving way to those of titanium 
alloys containing chromium and _ iron, 
whose strength characteristics with tem- 
perature, compared with those of alu 
minium alloys and sintered aluminium 
powder, are shown in Figures 7 and & 
Titanium alloys which have so far been 
investigated are twice as strong as alu- 
minium alloys for one and a half times the 
weight, and further improvements in 
strength/weight ratio may be achieved. 
The possibilities ahead in the wider use of 
titanium alloys, both structurally and for 
particular use at elevated temperatures, 
may be great, and justifies a considerable 
research effort. The cost is at present 
high—about £5 per lb. as compared with 
3s. per lb. of aircraft aluminium alloys, 
but the commercial production of titanium 
is a recent innovation. The great fall in 
the price of aluminium from £3 5s. per lb. 
in 1884 to 1s. per lb. in 1935 was achieved 
by the development of new extraction 
techniques, and it may well be that 
corresponding advances will be made 
with titanium. However, the very I 
active nature of titanium at the high 
temperatures which are necessary for it 
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extraction and working present difficult 
technological problems, but a very great 
effort will, without doubt, be devoted to 
the development of a new metal whose 
ores are so plentiful and which has such 
outstanding properties. 

The ratio of the elastic modulus to 
density for present-day titanium alloys is, 
however, 10 per cent. lower than the 
corresponding figure for steel and alu- 
minium alloys, and this relative deficiency 
may, if it persists, prevent full advantage 
being taken of the high specific strength 
of titanium in aircraft structures. The 
development of the modern aeroplane, 
particularly as regards speed, has intro- 
duced a new criterion in design, namely, 
structural stiffness, which is now a con- 
sideration comparable in importance with 
strength. A reasonable degree of stiffness 
is essential on practical engineering 
grounds, but the main concern is with 
flutter. This is a complicated aeroelastic 
phenomenon in which, at a particular 
speed, dependent on the characteristics of 
the structure, oscillations occur of pro- 
gressively increasing amplitude, rapidly 
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ending in structural disintegration. Flutter 
is the skeleton in the cupboard of all high 
speed aircraft designers, for all structures 
are liable to flutter in a wind in certain 
circumstances, and the higher the speed 
the greater the risk. ‘The best a designer 
can do is to ensure, as far as he can, that 
the flutter speed is well above the highest 
practical flying speed. 

The design criteria for achieving this 
are derived primarily from a masterly 
mathematical analysis by Frazer and 
Duncan in 1928 working at the time in the 
National Physical Laboratory. ‘The mass 
balancing of the wing about its axis of 
twist, the close aerodynamic balancing 
of the control surfaces, the addition of 
weights to bring their centres of gravity 
close to the hinge lines, and mechanical 
irreversibility of the control system—all 
these measures raise the flutter speed. 
But increased stiffness, both in flexure 
and torsion is the principal safeguard as 
regards the structure itself, and this is the 
main reason why, as speeds get higher, the 
need for structural materials of higher 
ratio of modulus of elasticity to density 
becomes greater. 

The stringent requirements of aircraft 
engineering and the striking advances 
made in the structural field have had their 
influence on other branches of engineering. 
Flutter is a case in point. Suspension 
bridges of very long span may also be 
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liable to flutter at comparatively low 
wind speeds. The Tacoma suspension 
bridge in U.S.A. was destroyed in this 
way in November 1940 in a forty mile an 
hour wind. This phenomenon of flutter 
was unsuspected when the bridge was 
designed, but the designer of long span 
suspension bridges today has to satisfy 
himself that the flutter speed is well above 
the highest wind speed likely to be encoun- 
tered. This particular problem arose 
recently in the design of a proposed 
suspension bridge of 3,240 ft. centre span 
to cross the Severn Estuary, and has 
been successfully dealt with, using accur- 
ately scaled models of dynamic similarity 
to full scale in a specially constructed 
wind-tunnel. 

In addition to strength and stiffness at 
the minimum cost in weight, a_ third 
criterion—fatigue—has to be taken seri- 
ously into account by the designer in his 
choice of materials, and this is becoming 
more and more a matter for anxiety as 
new alloys of higher tensile strength come 
into use. The demand for economic air 
transport urges operators to keep their 
aircraft in use for as long a period as 
possible, and flying to schedule often 
involves flying in bad weather. Considera- 
tions of fatigue act as a check on both. 
Aircraft encounter gusts in the atmosphere 
and the resultant accelerations impose 
loads on the structure which may be 
several times the normal figure. The 
structure is, of course, stressed accordingly, 
but although structures can be designed, 
to a large degree of certainty, to deal with 
failing loads which need only be applied 
once, it is quite another matter to deal 
with repeated loading, particularly when 
the repetition is irregular, both in time 
and intensity. We do not know enough, 
either about the fundamental nature of 
fatigue or about the frequency and in- 
tensity of atmospheric gusts to enable this 
problem to be treated on an exact basis. 

To fill in our knowledge about gusts, 
many aircraft now carry an accelerometer 
called ‘the counting accelerometer’ which 
virtually counts the gusts encountered in 
flight and grades them according to 
severity. A body of information from air 
routes at various altitudes all over the 
world is thus being accumulated which 
enables the designer to assess, with more 
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and more confidence, the kind of repeat: 
load conditions likely to be encountere) 
In the structural laboratory comple 
wings are subjected to a fluctuating loa 
broadly representative of flight in bump} 
weather, until failure occurs. In additio, 
joints which are usually the more critic,| 
parts of a structure are tested separate) 
in fatigue testing machines. The correl;.) 
tion of the flight records and the te 
evidence calls for judgment and experieng, 
There is no exact answer and in they 
circumstances there is often room fi; 
disagreement between the scientist anj 
the aircraft operator on the allowabk 
flying life for an aircraft or the critica 
parts of its structure. Nevil Shute’s nove 
No Highway is not all fiction. 

I have done little more than indicat: | 
some of the scientific and engineerin 
problems that have been encountered i: 
the development of aircraft, and some ¢ 
the ways in which these problems hav 
been dealt with. As a consequence ( 
these advances in the several fields 0 
science, technology and design, and with 
a recognition of the vital part played by} 


the skill of pilots, aircraft speeds have) 


increased steadily with the years and, a 


an increasing rate, from a maximum} 


speed of 70 m.p.h. in 1910 to over 600 
m.p.h. in 1950 (Figure 9.) High speed, 
however, carries certain consequences 
High flying speeds involve high rates o 
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fuel consumption, and if we wish to travel 
fat we have to make it worth while in 
terms of a reasonable pay load and range. 
We can get anywhere in the habitable 
world in hops of about 2,000 miles or so, 
and as we pay for speed by fuel consump- 
tion a fast aircraft at the beginning of a 
2,000 mile flight is virtually a flying 
tanker. The all up weight of the Comet 
fully laden is about 47 tons of which 
46 per cent. is fuel. Further, higher 
flying speeds involve higher landing and 
take-off speeds, and fast long-range air- 
craft are not only inevitably heavy but 
demand long and expensive runways. 
Aircraft weight determines the thickness 
of concrete for a given sub-grade, and 
take-off speed, for a given acceleration, 
the length of runway. At the London 
Airport the longest runway is 3,200 yards, 
and concrete 12 inches thick is used on a 
stable gravel base. It is estimated that 
the total concrete mixed to date for all 
purposes, including runways, taxi tracks, 
aprons, road diversions, ducts and drains 
is about 2 million cubic yards, which is 
sufficient to build the concrete carriage- 
ways of a 20 feet wide 8 inches thick double 
track motor road from London to Edin- 
burgh. The airport covers nearly 3,000 
acres and its cost to date is £10 million. 
Its estimated cost on completion is of the 
order of £20 million. If aircraft are to 
become faster and heavier the main 
economic problems in aeronautics are, in 
my view, less in the air than on the 
ground, 

These very heavy runways have led to 
two interesting developments for decreas- 
ing the thickness of construction. The first 
involves the use of prestressed concrete— 
a modern technique which has been boldly 
exploited in many interesting structures. 
Its application to runways was first tried 
in 1947 at Orly by the eminent French 


engineer, Freyssinet. This experimental 
stretch of runway is shown diagrammatic- 
ally in Figure 10. It is 60 metres wide 
and 420 metres long and is built up of 
precast plain concrete slabs 1 metre square 
and 16 centimetres thick. Steel wires are 
threaded through the blocks, transversely 
to the line of the runway, at 1 metre 
intervals. ‘These wires are heavily ten- 
sioned and anchored to either side of the 
runway, and so induce transverse com- 
pressive stress in the concrete. 

The runway is portioned up _ into 
large right-angled isosceles triangles 
(BCD, etc.), and the diagonal joints thus 
made are closely packed with steel rollers 
20 millimetres in diameter inserted ver- 
tically between adjacent edges to form 
linear roller bearings. Longitudinal 
movement is prevented by deep abut- 
ments, one at each end, reaching down 
some 20 feet or more into the ground. 
The effect of this is to impose a longi- 
tudinal compressive stress of similar magni- 
tude to the transverse stress. The result is 
a uniform compression of the runway in 
all directions. 

The use of precast slabs, of deep abut- 
ments, and of equal prestress in all direc- 
tions is a costly procedure and experience 
in England with prestressed roads suggests 
that considerable economies are possible. 
A length of prestressed concrete road laid 
at Crawley by the Development Corpora- 
tion in 1950, in co-operation with the 
Road Research Laboratory, uses Freys- 
sinet cables inclined to the centre line to 
give designed prestressing commensurate 
with the different transverse and longi- 
tudinal requirements. This method 
avoids the use of precast slabs and of 
abutments and its cost was similar to that 
of an orthodox design of reinforced 
concrete road of twice the thickness. 

The second development was suggested 
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by Williams of the Royal Aircraft Estab- 
lishment who proposed to lay concrete 
slabs on water-bags. ‘These bags under 
the runway, like the inner tubes of motor- 
car tyres, need only be flexible and im- 
pervious ; in neither case are the walls of 
the inner container required to resist any 
significant stress. The effect of the 
arrangement is to convert a concentrated 
load on the surface of the runway into a 
uniform pressure on the soil of only 2 to 
5 lb./sq. in. (depending on the magnitude 
of the load), a pressure within the bearing 
capacity of all but the poorest soils. 
There are many practical difficulties to 
be overcome in working out a scheme 
such as this and it is not at all certain that 
it would be economical. However, on 
poor soil it may well be a possible method 
of construction, and experimental work 
is now proceeding to explore these pos- 
sibilities more fully. 

The flying boat offers a possible means 
of escape from large concrete runways 
and airports. Until comparatively re- 
cently the performance of the flying boat 
was inferior to that of the corresponding 
land plane, but several advances have 
now made it a serious competitor. The 
flying boat always had the advantage of 
being able to dispense with an under- 
carriage which, ina modern large aeroplane 
may account for 6 per cent. of the total 
structure weight, but this was for a long 


time more than offset by the EXCESsive | 
size and weight of a hull which had th 


carry the propellers high above the wate 


to keep them clear of the spray. Je} 
propulsion has changed all this and a} 


smaller hull, combined with improve. 


ments which can now be made in it} 
aerodynamic design, may well tip th} 


balance in favour of a flying boat for all-up 
weights of 50 tons and above. We are, 
maritime Commonwealth and _ suitable 
waterways for the operation of flying 
boats could be found in almost all the 
Commonwealth countries. Flying boat, 
however, require prepared waterways 
and for boats of the size of the Prinas 


and Duchess, docking and dry-docking } 


facilities. An artist’s impression is shown 
in Figure 11 of a modern flying boat base 
with facilities for towing the boats to their 
berths using the Gouge docking scheme, 
In the absence of detailed studies it is not 
possible to come to any firm conclusion 
about costs but many believe that the cost 
of such a base would be very much les 


than that of a modern aerodrome, and the | 


advantage of not depriving agricul. 
ture of much good land should not be 
overlooked. 


A more radical and indeed revolutionary | 
attack on the runway problem has been | 


proposed by Green and Thomlinson, and 
worked out in considerable detail at the 
Royal Aircraft Establishment. The modern 
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concrete runway is an expensive nuisance, 
however it is constructed, and the heavy 
and elaborate mechanism of the aircraft 
undercarriage an unnecessary extrava- 
gance in weight and an_ undesirable 
handicap in structural design. Green 
and Thomlinson aimed to get rid of both 
by catapulting aircraft into the air and 
‘belly landing’ them on a tautly sus- 
pended flexible sheet. For landing, the 
aeroplane is flown level a few feet from 
the ground, caught on a hook by arrester 
gear and dropped on the sheet which 
allows a good landing without bounce to be 
made. 

Some structural reinforcement is re- 
quired for the fuselage, but this is not 
expensive in weight, and turns out to be 
small in comparison with that of the 
undercarriage. Launching by catapult 
and the use of arrester gear follows 
standard aircraft-carrier practice, but the 
idea of placing on the ground, instead of 
in the aircraft, the means of absorbing 
the vertical kinetic energy on landing, 
is entirely new. Much _ experimental 
effort has been devoted to developing this 
idea and that it is quite feasible is shown 
by the fact that many landings of a 
Vampire have been made successfully by 
this method. 

The ability to land on and take off 
from a small space may become one of 
the urgent problems of the next twenty 
years. The helicopter can do this already 
and that it can do so is the main justifica- 
tion for its existence. From its small 
operating bases it can travel direct from 
the heart of city to city. It is not capable 
of high speeds, as aircraft speeds go, but 
the Bristol 173 helicopter, which flew for 
the first time earlier in the year, has been 
designed to cruise at 120 m.p.h. and this 
is quite sufficient to give it an advantage 
in door to door times for journeys such as 
between London and Paris. British Euro- 
pean Airways’ previous helicopter services 
in the U.K. and the coming service 
between London and Paris are no doubt 
the beginnings of a more general use of 
helicopters. But the helicopter may be 
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cast for a more striking réle. It is at 
present a very complicated and expensive 
mechanism, but it could be very much 
simplified by jet propulsion of the rotor, 
burning fuel with compressed air at the 
blade tips. This would involve a higher 
fuel consumption than at present, but 
apart from the elimination of the need to 
balance the rotor torque reaction, the 
gain in weight saving, simplification and 
manufacturing costs should be very con- 
siderable. A helicopter on these lines has 
already flown in the U.S.A. With folded 
rotor wings, as an ingenious German de- 
monstrated before the war, a helicopter 
could be driven on the road from a private 
garage like a car to a suitable take-off 
point. If man is to take to the air in 
aircraft as he took to the road in motor- 
cars, this may well be the way he will do 
it, and long before this century is out a 
Henry Ford may have mass produced the 
first of the rotary wing motor-cars. 

I confess that these thoughts may have 
arisen from an uneasy feeling I have that 
aircraft, the most mobile of all forms of 
transport, are in some danger of sur- 
rendering much of their mobility by 
becoming tied to expensive and extensive 
aerodromes. The helicopter, courageously 
pioneered by Sikorsky in the U.S.A. was 
‘for long rather like an unwanted child 
in the aeronautical family expensively 
brought up on speed. But this child 
which has learnt how to operate from a 
confined space has yet to grow up. We 
may see, in the not very distant future, 
the application of folded and faired-in 
powered rotors to fixed-wing machines, 
for use only during take off and landing, 
without prejudice to top speed; and, 
perhaps, by removing the restraining 
influence of landing speed on top speed 
actually make higher top speeds possible. 
But if this comes about, the primary 
advantage will lie not in the realm of 
speed but in the realisation of safer and 
far more economic landing and take-off 
conditions. The future in the air may 
well lie in the conquest of the ground.! 

1 Delivered Sept. 5, 1952. 
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Pror. E. O. JAMES 


PRESIDENT OF SECTION H 


In these days of intensive and _ ever- 
increasing specialisation it becomes pro- 
gressively more difficult for the President 
of Section H to find an aspect of his own 
researches on which to address the Section 
as a whole which is likely to fall within 
the compass of the greater part of his 
audience, drawn as it must needs be from 
specialists in very diverse fields of anthro- 
pological inquiry. This no doubt applies 
to most of the other Sections, but in the 
study of so complex an organism as man it 
is particularly apparent. No single dis- 
cipline, line of research, or method of 
approach can be adequate to cover the 
entire science, or to determine the nature, 
function and place of the human species 
in the evolutionary process and in society. 
Therefore, for the purposes of a Presi- 
dential Address it would seem that in 
concentrating attention upon particular 
aspects of the subject the wider implica- 
tions of the underlying principles should 
be kept in mind, so that the bearing of 
more specialised studies upon the science 
as a whole may be recognised. This is 
not least important at a time when new 
orientations are being freely discussed. 


THE EvoLuTIONARY APPROACH TO THE 
Stupy oF MAN 

Since anthropology came to birth in the 
latter part of the last century as ‘ the child 
of Darwin,’ not unnaturally it conformed 
at first to the tradition in which it was 
bred, until in the present century, having 
reached maturity, it has adopted its own 
lines of development, modes of expression 
and ways of life. Thus, having begun its 
career with a very definitely evolutionary 
outlook, in the changed intellectual 
climate and social environment of to-day 


the earlier premisses, presuppositions and 
bias have undergone considerable modi- 
fication. Indeed, in some quarters the 
original approach has been vehemently 
repudiated. This reaction has been most 
pronounced in the social and cultural 
aspects of the science where so many 
factors are involved calculated to upset 
any theory of the origin and development 
of human institutions, organisations and 
systems as a continuation of evolution in 
the organic sphere. 

In the realms of physical anthropology 
the Darwinian hypothesis is never likely 
to be seriously called in question in its 
main contention since the mammalian 
origin of the human species is firmly 
established beyond any possible doubt, 
however difficult it may be to arrive at 
agreed conclusions concerning the family 
tree and the cradle-land of mankind. 
Although apes and men are only distant 
cousins, and the common ancestor re- 
mains elusive among the aberrant Oligo- 
cene and Miocene fossiline specialisations, 
in anatomical structure man is essentially 
a primate who, when he attained human 
status not later than Tertiary times, was 
in mind, appearance and equipment not 
much above the simian level. His subse- 
quent development and _ achievements 
followed broadly an evolutionary course 
through the increasing complexity of the 
Paleolithic cultures amid the vagaries of 
Pleistocene climate, although it is no 
longer possible to postulate a straight 
ascent from the Ape-man of Java, through 
Homo Heidelbergensis and the Neander- 
thalers, to the Cré-Magnon sapiens type, 
as at one time was supposed. 

It is when we pass from the physical 
to the ethnological and archeological 
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material that no room for doubt is left 
that the human situation presents certain 
eculiarities arising mainly from the 
eatly increased mental capacity and 
cerebral development which have charac- 
terised man throughout his long and 
chequered history, and enabled him to 
control and reflect upon his environment 
and destiny. From his mammalian an- 
cestry he has derived a common store of 
instincts, impulses, nervous organisation 
and mental powers as a continuous evolu- 
tion. The difference between the human 
and the animal mind is one of capacity 
and complexity, but within the human 
mental endowment lies the potentialities 
of the species Homo as a rational self- 
conscious creative being. In prehistoric 
times instinct, emotion and _ necessity 
doubtless were more conspicuous than 
reflective thought but the archeological 
data reveal that a power to observe 
record and experiment in a rational, 
manner was an essential element in the 
struggle for survival and the mastery of 
an adverse environment. In adapting 
the material at hand to his uses in the 
manufacture of tools and utensils, the 
specialised techniques he evolved reveal 
an increasing measure of skill in the art of 
fint knapping and the production of 
industries relative to his needs. 
Nevertheless, the simple unilineal de- 
velopment of cultures from the Chellean 
and Acheulean hand-axes to the Mous- 
trian and Upper Paleolithic flake- 
tools, in the light of our fuller knowledge 
to-day has had to be abandoned in favour 
ofa much more complicated scheme of 
intercontinental sequences and traditions. 
Thus, for example, the flake industry 
which was first detected at the type- 
station at Le Moustier in the Dordogne, 
now appears to have had a long history 
behind it, and to have been associated 
with a distinct human stock with Neander- 
thaloid affinities whose original home was 
in Asia. Similarly, the Abbevillian- 
Acheulean core-cultures were character- 
istic of the ancestors of Homo sapiens whose 
cradle-land may have been in Africa, 
before the two peoples with their special- 
ed techniques made their way into 
Europe in the middle of the Pleistocene. 
In the light of this evidence, palaeonto- 
logical, anatomical, ethnological and 
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archeological, it would seem that in a 
very general way an evolutionary de- 
velopment of man from lower mammals 
has occurred, conditioned by mental 
capacity and adjustment to environment, 
the ability to speak and communicate 
ideas, to make tools, and eventually to 
think conceptually. There is no indica- 
tion, however, in either the biological or 
the cultural spheres of a lineal sequence. 
While it is now possible to link up one 
evolutionary stage with another in an 
interconnected series, the transitions have 
become infinitely more complex than was 
formerly assumed, and the resultant types 
which have survived the ravages of time 
are the terminal products of many diverg- 
ing lines of evolution. 

Thus, although Homo Neanderthalensis 
disappeared abruptly in Western Europe 
at the beginning of the Interstadial phase 
of the Last Glaciation (Wirm I, II), 
when the Mousterian culture came to an 
end, it is possible that a group of hybrids 
between palzanthropic and neanthropic 
types existed in Palestine which played 
some part in the evolution of Homo 
sapiens. Nevertheless, the typical Homo 
Neanderthalensis appears to have been an 
aberrant specialisation, or retrogression, 
which cannot be regarded as an inter- 
mediate stage in the development of 
modern man. Behind it lay a more 
virile variety of mankind of which the 
Swanscombe skull is an example, belong- 
ing apparently to the Mindel-Riss Inter- 
glacial and associated with the Acheulean 
hand-axe culture. It is to this stock that 
the direct ancestry of Homo sapiens seems to 
belong, and once it became fully developed 
and established in the Upper Paleolithic 
a general mutation in human history may 
be said to have occurred. Up to this 
point, although tools often show excellent 
workmanship, they give no indication of 
originality, or even change in technique. 
Local variations occur in different areas 
of characterisation, sometimes with a very 
limited conformation to type elsewhere, 
but the only broad distinction that can be 
maintained is that between flake-tools 
and core-tools, connected respectively 
with two distinct human stocks. The 
relative consistency and uniformity of the 
Acheulean as a cultural development over 
widely separated regions as far apart as 
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Sectional Addresses 


the Somme gravels, Kenya, Stellenbosch 
and Madras, shows an aversion to innova- 
tion, though despite the dominance of an 
established tradition, intermingling of 
techniques did occur in particular locali- 
ties, as in the case of the Clactonian and 
Acheulean in the Thames Valley of the 
second Interglacial. Indeed, the distribu- 
tion and correlation of cultures in different 
parts of the world suggests that widespread 
movements of peoples and the diffusion 
of culture, as well as local evolution, 
played an important part in Paleolithic 
development. 


THE DEVELOPMENT AND DIFFUSION OF 
CULTURE 

It was not, however, until the arrival in 
Europe of the Cré-Magnons, and the 
groups of Homo sapiens allied to them, that 
the rapid cultural advances were made 
which characterised the later stages of the 
last glaciation. In addition to new tech- 
niques in the Gravettian, Aurignacian, 
Solutrean and Magdalenian industries in 
which bone as well as flint tools were 
prominent, they introduced plastic human 
figures in bas relief and animal engravings, 
together with the mural art which reached 
its climax in the great Magdalenian poly- 
chromes, such as the reindeer at Font de 
Gaume, the bisons at Altamira and the 
hunting scene at Lascaux. It is at this 
point in the development of culture that 
a sacred tradition becomes manifest, 
though as early as the Mousterian the 
ceremonial interments make it reasonably 
certain that Homo Neanderthalensis was 
Homo religiosus, since the ceremonial care 
with which he laid some of his dead to 
rest is explicable only on the assumption 
that he believed in some kind of human 
survival beyond the grave. 

With the advent of the Crdé-Magnons 
however, in addition to the more developed, 
attempts to restore the body to life by the 
aid of vitalising agents such as red ochre 
as the surrogate of blood, perforated shells 
and disks of stone, found notably at Barma 
Grande and elsewhere in the Grimaldi 
series of caverns near Mentone (Verneau, 
pp. 298 ff.), attention was directed to the 
magico-religious control of the food supply. 
Thus, the figures of women with the 
maternal organs grossly emphasised (often 
represented in a state of pregnancy) 


probably are examples of a life-giving 


symbolism in plastic art which later de. 
veloped into the fertility cultus of Wester 
Asia and the Agean, centring in the 
worship of the Mother Goddess. The 
distribution of these Paleolithic staty. 
ettes in Europe is significant since jt 
supports the view that the Upper Aurig 
nacian culture in which they appeared 
had a West Asiatic diffusion-centre. 

As it came to an end the so-called 
‘venuses ’ gave place to the highly de. 
veloped cave art of the Magdalenians in 
which the control of the chase was the 
predominant theme. No one who like 
myself has visited a very considerable 
number of these decorated caves through. 
out the entire areas of their distribution in 
France and Spain, can be in doubt, | 
think, that they were primarily sanctuaries 
of hunting magic and ritual. Except in 
the case of the Eastern Spanish rock 
shelters, the inaccessibility of the majority 
of the galleries in which the paintings 
occur, and the nature and siting of the 
designs, are only explicable on the hypo- 
thesis that they were executed for the 
practical purpose of maintaining the food 
supply by supernatural means, like their 
counterparts among peoples in a primitive 
state of culture to-day. The depiction of 
animals with weapons painted in vulner- 
able parts of the body, such as the heart, 
as at Niaux and Le Portel in Ariége, tell 
their own story. 

But the control of the chase was not the 
only motive. Thus, in the representation 
in clay of a male bison following a female 
in the inner chamber at Tuc d’Audoubert, 
propagation rather than destruction ap- 
pears to have been the end in view. If the 
food supply was to be maintained it had 
to be produced as well as secured. ‘There 
fore, as in Central Australia the men of 
the Arunta tribe resorted to their sacred 
places in the neighbourhood of Emily Gap 
to engage in Intichiuma ceremonies to 
promote the fertility of the species on 
which collectively they depended for their 
means of subsistence, so the Magdalenians 
seem to have penetrated to the extreme 
end of their Pyrenzan sanctuaries for the 
same purpose—viz., to secure the multi- 
plication of the beasts on which they lived. 
The rites may have included a sacred 
dance, if the interlacing heel-marks i 


186 


front 
model: 


 remait 


(Bégou 

Tha 
of the 
shown 
comm: 
neight 


Freres 


sentati 
dance 
long 
of a st 
lion a 
outlin 
groun 
ture 
whate 
nexio! 
by tl 
More 
repre: 
in th 
Men 
pebb! 
from 
Mége 
La } 
lishec 


were 
lation 
and 
tech 
It 
like 
near 
cent 
for 
phas 
fro 
renc 
in t 
me 
desi 
to 
and 
cou 
tis 
feat 
Spa 
typ 
hu 
the 
at 
|| 


“Giving 


ter de. 
Vestern 
in the 

The 
Statu. 
nce it 
Aurig. 
Deared 


Called 
ly de. 
ans in 
aS the 
O like 
erable 
ough: 
ion in 
ibt, | 
uaries 
in 
rock 
jority 
itings 
f the 
hypo- 
r the 
food 
their 
nitive 
on of 
iIner- 
eart, 
, tell 


t the 
ation 
male 
bert, 
f the 
had 
1ere- 
n of 
cred 
Gap 
; to 
on 
heir 
ians 
eme 

the 
ulti- 
ved, 
red 
in 


front of the hillock on which the clay 


models stood can be interpreted as the 
remains of such a ritual performance 
(Bégouen, pp. 659 ff.). 

‘That dances of the kind were a feature 
of the Magdalenian cave ceremonial is 
shown by the figure of a masked dancer, 
commonly called “The Sorcerer,’ in the 
neighbouring cavern known as Les Trois 


' Freres. There we have an actual repre- 


sentation of a shaman engaged in a sacred 
dance clad apparently in a skin with a 
long beard, the eyes of an owl, the antlers 
ofa stag, the ears of a wolf, the claws of a 
lion and the tail of a horse, engraved and 
outlined in black some ten feet from the 
ground. In front of it there is an aper- 
ture which would make it possible for 
whatever rites were performed in con- 
nexion with the figure to have been seen 
by those foregathered for the purpose. 
Moreover, this is not the only instance of 
representations of sorcerers or divinities 
in the performance of their functions. 
Men with animal heads engraved on 
pebbles and antlers have been recovered 
from Paleolithic sites at Lourdes, Abri 
Mége, Marsoulas, Cresswell Crags and 
La Madeleine. ‘This suggests an estab- 
lished cult in which men and animals 
were brought together in a mystic re- 
lationship in a joint endeavour to conserve 
and promote the food supply by a ritual 
technique as the link with the providential 
sources of life and beneficent abundance. 
It seems evident that a great sanctuary 
like that recently discovered at Lascaux 
near Montignac on the Vézére was the 
centre of miagico-religious ceremonial 
for a very long time since almost every 
phase of Périgordian art is represented 
from tectiforms to huge polychromes 
tendered in mauve and purple, as well as 
in the more familiar black and red pig- 
ments, and conventionalised symbolic 
designs when Magdalenian art began 
to degenerate into Azilian symbolism 
and Neolithic abstractions. Here we en- 
counter scenic composition and schema- 
tsm, which becomes the characteristic 
feature of the Eastern and South-eastern 
Spanish paintings of the Cogul-Alperia 
type, depicting life-like action in which 
uman figures are prominent. ‘Thus, in 
the hunting story portrayed on the walls 
at Lascaux it would appear that the death 
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of a hunter who had been killed by a bison 
and then avenged by a rhinoceros which 
ripped up the slayer, is recorded, perhaps 
as the Abbé Breuil conjectures, as a votive 
painting to the deceased hunter who may 
have been interred in the vicinity (Breuil, 
pp. 387 ff.). But whatever may be the 
interpretation of the galaxy of realistic 
scenes, symbolic representations, superb 
friezes, mythical animals and sacred em- 
blems, the cavern must have been a centre 
of hunting ritual for a succession of ages 
covering almost the entire period of pre- 
historic artistic representation. To it 
recourse was made by generation after 
generation of hunters to gain control over 
the food supply and to seek supernatural 
protection against the hazards of the 
chase. 

With the climatic changes which brought 
the Pleistocene period to an end about 
12,000 to 10,000 s.c., the Franco-Can- 
tabrian naturalistic art disappeared while 
the schematised tradition continued to 
flourish and develop in Eastern Spain in 
the provinces of Tarragona, Castellon, 
Valencia, Albacete and Alicante, with the 
survival of a few naturalistic animals and 
scenes in association with conventionalised 
human figures. In this region more than 
70 shallow rock shelters are still to be seen, 
and in all probability many more await 
discovery in the Sierra, containing paint- 
ings of this type, of which the best known 
are the dancing scene at Cogul and the 
poignant hunting pictures at Alpera. 
Breuil, in fact, has distinguished no less 
than six phases in this tradition based on 
superpositions in the painting, on changes 
in style and in the species of animals 
represented. But whether or not the 
technique arose independently in Eastern 
Spain contemporary with the Aurignacian 
and Magdalenian Northern type, or as 
Professor Pericot of Barcelona now con- 
tends, was introduced from Caspian and 
North African sources, its persistence long 
after it had reached its zenith, either at 
the end of the Magdalenian or during the 
Mesolithic, suggests that it had collected 
a cultus. Thus, the portrayal of the 
women dancing round a man (perhaps as 
a phallic symbol) at Cogul has been 
painted and re-painted on several oc- 
casions, indicating that the shelter was a 
sanctuary for thousands of years to which 
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relays of votaries repaired to gain a fresh 
outpouring of life. Since in some of these 
schematic paintings human figures are 
shown wearing masks and horns, the ritual 
appears to have been much the same as 
that practised at Trois Fréres and other 
sanctuaries in the Franco-Cantabrian 
caves. 

Nevertheless, as the art became pro- 
gressively more conventionalised in style 
doubtless it lost most of its significance in 
abstraction, so that it was really a spent 
force when the Neolithic traders and 
settlers reached Western Europe in the 
third millennium s.c. Although food- 
gathering began to give place to food- 
production in the Near East considerably 
earlier, only very gradually were the new 
ways of life, thought and belief diffused 
and adopted in the outlying regions as a 
result of the migration of social groups and 
the movements of individuals. Before a 
culture that was originally evolved in the 
Fertile Crescent, the Iranian uplands or 
the Augean, could be diffused to Western 
or Northern Europe it had to undergo 
drastic modification in the process of 
adaptation to a very different climatic 
and human environment. Therefore, a 
straight development from the Palzo- 
lithic to the Neolithic by way of the Meso- 
lithic, and then to the Copper, Bronze and 
Iron Ages, so congenial to the orderly 
outlook of a former generation, is a 
simplification of a highly complex situa- 
tion which is no longer tenable. 

The transition from hunting, fishing, 
fowling and food-gathering to small-scale 
cereal-, dairy- and stock-farming was so 
gradual and intermittent that a very con- 
siderable time lag occurred in different 
localities. Furthermore, only in certain 
areas, notably in the Ancient East, were 
the new ways of life widely adopted. 
Generally husbandry and herding re- 
mained for a very considerable time merely 
adjuncts to the earlier modes of subsistence, 
and before the cultivation of cereals and 
the breeding of sheep are possible as a 
definite economy, the establishment of 
agriculturists and shepherds in a given 
region is essential. This presupposes 
something in the nature of folk move- 
ments to explain the gradual spread of 
Neolithic colonisation from the Eastern 
Mediterranean, Mesopotamia and the 
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highlands of Iran along the Danube anj 
the Mediterranean littoral to the Balkan; 
the Zigean, Southern Italy and the adjacent 
islands, the Apennines and the Iberiay 
peninsula, and thence to the Atlantic 
coastlands, where the inland winters were 
tempered by the ocean winds. All this 
was not accomplished in a day. In fact 
a thousand years elapsed before the influ. 
ence of the agricultural civilisations of the 
Middle East and Southern Europe was 
felt as far north as the British Isles. 


THE MEGALITHIC CIVILISATION 

Consequently, it was not until about 
2500 B.c. that Neolithic settlers began to 
arrive from Brittany and the south of 
France with their cattle, sheep and cereals 
to take up their abode in their ‘ cause. 
wayed camps’ on Windmill Hill near 
Avebury, and elsewhere on the chalk and 
limestone uplands. This migration was 
followed by that of the megalithic builders 
in search perhaps of metals, markets and 
new habitats, and bringing with them a 
highly developed sacred tradition, of 
which they were the propagators, and 
which found expression in the massive 
tombs that characterised their civilisation. 
The similarity in the structure of these 
monuments, and in their contents, is 
indicative of a cultural diffusion, though 
there is little in their furniture to establish 
the origin of the distribution. The widely 
held view that they had passed through 
an evolutionary history beginning as small 
simple-chambered dolmens and develop- 
ing into more complex passage graves, and 
corbelled vaults before they degenerated 
into cists, is yet another example of the 
Darwinian type of thought characteristic 
of the latter part of the last century which 
has now had to be abandoned, at any rate 
in this precise form. 

It is true that in Northern Europe the 
Danish and Swedish megaliths do display 
typological sequence along these lines, but 
only as a local condition. Nowhere out 
side the Scandinavian region can_ the 
simpler tombs be shown to have been 
earlier in time than the larger tumuli. 
Thus, in Northern Portugal the free- 
standing dolmens are for the most part, if 
not entirely, the remains of concealed 
tumuli and contain little or no furniture 
which can be dated earlier than that of the 
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great southern tombs, though the con- 
tents may be of poorer quality. As Pro- 
fessor Daryll Forde has pointed out, they 
represent ‘a provincial degradation typi- 
cal of peripheral areas,’ Furthermore, 
‘the great galleries and cupolas of 
Algarve, Huelva, Andalucia and Almeria, 
the rock-cut tombs of Palmella, and the 
passage dolmens of central Portugal and 
western Spain are virtually contempor- 
aneous.. So he concludes that in postu- 
lating an evolutionary sequence indicating 
an Iberian origin for the rough stone 
tomb ‘ the classical typology begins at the 
wrong end’ (Forde, pp. 36 ff., 39). The 
dolmens or cists of Northern Portugal, 
Galicia, the Basque provinces of the 
Pyrenees and Catalonia are in fact the 
end of the series—mere shadows of the 
great tombs of the south—rather than the 
beginning of a process of evolution. 

The rarity of metal in the megaliths of 
Northern Portugal and the adjoining 
region in Spain, Brittany and North- 
Western Europe, is no criterion of their 
antiquity because these regions remained 
ina Neolithic state of culture when copper 
and bronze were in common use in the 
Ancient East and along the Mediterranean 
littoral (Childe, p. 210). Its absence may 
suggest that prospecting was not the only 
or even the chief purpose of the voyagers, 
though it would seem to have been very 
often one of their quests. Indeed, from 
the contents of the graves it is impossible 
to gauge the nature of their journeyings 
since no single object or group of objects 
characterises them. The presence of bell- 
beaker pottery in association with mega- 
liths from about 2100 B.c. throughout 
Western and Central Europe from the 
Iberian peninsula, Brittany and the Rhine 
to Bohemia, Moravia, and sporadically 
in Sardinia, Sicily, North Italy and 
Denmark, shows that the Dinaric Beaker 
folk had some connexion with the mega- 
lithic civilisation. 

Being essentially traders who opened up 
new lines of communication, they diffused 
the practice of metallurgy which they had 
adopted in their Iberian area of character- 
sation, but they were neither metallur- 
gists nor megalith-builders. It was here 
in Ireland that they acquired very largely 
the metal weapons and implements they 
introduced into their settlements, but the 
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Irish ores had been exploited by Iberian 
smiths before the arrival of the Beaker 
folk, whose réle was merely that of foster- 
ing trade in metal ware and organising 
markets for the products of the Irish 
foundries. They may have encouraged 
small groups of smiths to settle on the 
coast of Galloway, and along some of 
the principal trade routes, but in their 


own round barrows flint and_ stone 
predominated. 
Intermarriage between the Beaker 


people and the earlier megalithic builders 
may have been responsible for the re- 
markable development of stone monu- 
ments in Britain during this period, though 
this mode of disposal of the dead not being 
native to the immigrants (i.e. the Beaker 
folk) they readily reverted to interment 
in earth graves, often beneath circular 
mounds, notwithstanding their association 
with elaborate megalithic structures like 
Stanton Drew, Stonehenge, and Avebury, 
erected for sacred purposes. In Central 
Europe and the Middle Rhine valley 
they had intermingled with the Battle- 
axe warriors of Indo-European origin, 
and by the time the second wave of 
these sturdy heterogeneous brachycephals 
reached the British Isles between 1900 and 
1800 B.c. (characterised by the A.C. types 
of beakers) they seem to have absorbed a 
considerable proportion of the Battle-axe 
traditions, together with those of the 
megalithic civilisation. That this in- 
cluded the adoption of the cultus is shown 
by the elaborate ritual monuments which 
they established on the Wiltshire downs. 
Thus, the Avebury complex and Stone- 
henge were essentially cult-centres of the 
megalithic religion from the Early Bronze 
Age onwards though they had _ been 
erected in the first instance by the Beaker 
folk for the performance of their sacred 
rites. 


THe MEGALITHIC CULTUS 


Precisely what form this ceremonial 
assumed, and for what purposes it was 
performed, are not easily determined. 
That it was rooted and grounded in the 
cult of the dead is obvious, but this very 
ancient custom does not alone explain the 
powerful influence which inspired the 
movement. If the origin is to be sought 
in the magnificent galleries, cupolas and 
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tholoi of Southern Spain and the Aigean 
rather than in the simple dolmens of the 
Atlantic coast further to the north and 
north-west, it is to the sacred enclosure 
and the nature of the tumulus that we 
must look for the significance of the cultus. 
Furthermore, it has to be remembered 
that the megalithic tradition is a world- 
wide phenomenon extending from Western 
Europe to India and the Pacific, and 
although it cannot be attributed to a 
single race or group of mankind there are 
certain common features in the cultus 
everywhere. 

As the genetic relationship of folk tales 
in Europe and Asia is no longer ques- 
tioned, it would not be surprising if a 
similar connexion existed between the 
various expressions of the cult of the dead 
and the veneration of heroes in west and 
east. Thus, the Indian stupa, or tope, 
almost certainly originated in the cham- 
bered tumuli. When it became a royal 
tomb it developed greater height, and 
later (c. 250 B.c.) it underwent further 
elaboration as the’central structure of the 
Buddhist temple, enclosing relics of the 
Buddha (Fergusson, 1872, pp. 41 f. ; 1910, 
Vol. I, pp. 62 ff.). Beginning as a circular 
earthen mound or cairn erected over the 
mortal remains of a chieftain or holy man 
surrounded with a balustrade, it was soon 
covered with plaster, or built of concentric 
layers of huge bricks and encircled with 
a wooden railing having gates (toranas) 
on four sides. At an early period it was 
placed on a circular terrace or plinth for 
perambulation, and surmounted by a 
cupola. An umbrella (chattra), the Indian 
emblem of sovereignty, surmounted the 
tee in the centre of which a stone pillar 
was embedded, passing through a box- 
like structure on the top of the dome. 

In the plan of the great passage dolmen 
of Kercado in Brittany, to the north-east 
of Carnac, some of these features are repro- 
duced. Thus, the tomb is enclosed in 
a round tumulus and surmounted by a 
menhir placed over the centre of the 
interior chamber. The approach to the 
rectangular chamber is by a megalithic 
corridor, and surrounding the tumulus is 
the remains of a stone circle, The mound 
was composed of fragments of rock faced 
with ashlar walling, and at the base was 
a causeway similarly constructed of un- 
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cemented stones, flanked by the stop 
circle (Forde, pp. 70 ff.). Similar stry, 
tures occur throughout the region (eg, 


Mané Lud, Petit Mont, Gavr’inis, Kerf 


vel), and ritual enclosures of this type ar 
familiar at Los Millares, Almizaraque, 
Belmonte, Tabernas in Spain ; while th 
Caithness circular cairns and the thold 
of Crete and the Aigean are constructe 


on the plan of a round hut entered by 


low narrow doorway from a small rect. 
angular court surrounded by low dr 
stone walling. The chamber in they 
collective graves is usually round (o 
occasionally rectangular) and_ contain 
niches or a porthole for entry, covered 
with a circular mound or cairn. The 
corbelled roof is, or was, supported by a 
stone or wood central pillar, and a fore. 
court is formed by walling in front of the 
entrance (Xanthondides). In the Boyne 
group of Irish chambered cairns, New 
Grange is surrounded by a stone circle, 
now reduced to 12 stones but originally 
numbering probably not less than 35, 
Around the mound runs a kerb of large 
flat stones on end, each about 10 ft. long, 
some of which are decorated with sculpture 
and geometrical designs. The chamber 
is approached by a passage 62 ft. in length 
roofed with capstones and having three 
cells opening out in a cruciform plan 
(Coffey, Powell, pp. 243 ff.). When 
the mound was first opened in 1699 it is 
said that a menhir lay on the ground in 
the burial chamber, and another on the 
summit of the hill (Macallister, p. 127). 
In tumuli of this nature the burials 
within the enclosure consecrated them for 
the performance of religious rites, the 
‘fencing ’ or stone walling marking them 
off as sacred ground. As in the agricul 
tural cultus of the Latin farmers in ancient 
Italy, the sacredness of the boundary 
stones (¢ermini) made them efficacious as 
a protective device long before they were 
regarded as the abode of a numen or of 
deus Terminus (Festus, 368 ; Ovid, Fast, 
ii. 639 ff.), so the supernatural power 1n- 
herent in the railing kept out all evi 
and profane influences. Within _ this 
sacred enclosure it was the burial or the 
holy relics that made it a locus religiosus, 
and the greater the person or objects 
enshrined the more elaborate and vener- 
ated the structure, often surrounded with 
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the meaner graves of subordinates. In 
fact, once a holy place acquired an estab- 


‘ished cultus and legend it became either 


4 recognised ‘cemetery,’ a centre of 
pilgrimage like a Buddhist stupa, or a 
sanctuary of renown, such as Avebury, 
Stonehenge, or Bethel, associated with 
adeparted hero, sage or ancestor. 


Tue LEGACY OF THE MEGALITHIC SACRED 
TRADITION 

The successive interments so frequently 
found in barrows and megalithic tumuli 
show how long they continued to be re- 
garded as a proper place for the burial of 
the dead. British tombs, for instance, 
sometimes were enlarged for this purpose 
(Greenwell, pp. 196, 294, 491), as in the 
stone cairn of Carn Brea near Land’s End, 
which was used for burial purposes by 
many peoples of different periods. At the 
top stood a Christian chapel or hermitage 
which was destroyed about a century ago. 
Below were a succession of strata contain- 
ing human remains ranging from Roman 
times to the original Bronze Age interment 
in a stone-lined grave beneath an oval 
mound (Borlase, pp. v-x). Near by at 
Porth Curnow, St. Levan, another mound 
was surmounted by a chapel which con- 
tained the funerary urn, very much as the 
stupa was crowned with a cupola, a parasol 
and a shrine. 

At Fimber in the East Riding of York- 
shire a sequence of burials lay beneath the 
parish church and its two predecessors, 
extending back through the Anglo-Saxon 
and Roman periods to the Bronze Age 
oval barrow which constituted the original 
site of the holy acre (Mortimer, pp. 189 ff.) 
Similarly, the litthke church of Chithurst 
near Midhurst stands on an artificial 
mound which rises abruptly out of the 
valley, and which originally formed a 
place of assembly for pagan worship, or 
a pre-Christian cemetery.: The present 
church dates from about 1080 but it is of 
pre-Conquest design built probably by 
Saxon masons (Johnston, p. 99 f.). In- 
deed, it has been argued by A. H. Allcroft 
that the circular churchyard everywhere 
has been derived from the round barrow 
(Allcroft, Vol. I, pp. 25 ff., Vol. II, 
pp. 305, 310 ff.). ‘This may be an over- 
statement, but, nevertheless, it is true that 
churches not infrequently were erected 
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upon circular barrows and conformed to 
the shape of the site on which they stood. 

Similarly, Christian edifices have been 
built over megalithic monuments, as, for 
example, at Cangas de Ojiis in Asturias, 
where a passage-dolmen set in a cairn 
forms the crypt of the small church of 
Santa Cruz, while about 25 miles from 
Bilbao is the hermitage of San Miguel 
de Arrichinaga within the nave of which 
stands three huge menhirs occupying a 
space of more than 100 ft. in circumfer- 
ence, and measuring respectively 29 ft., 
18 ft. and 14 ft. in height. In the crypt 
of the magnificent Romanesque church of 
San Vincente at Avila a tomb is erected 
above a megalith which is traditionally 
supposed to represent the rock on which 
the saint and his sisters suffered martyr- 
dom in 303. Likewise at Padron, the 
Roman Iria Flavia, beneath the high altar 
lies what appears to have been originally 
a menhir, later inscribed with Roman 
lettering, and now venerated as the rock 
to which was fastened the mysterious boat 
alleged to have brought the body of St. 
James the Great to the north-west coast 
of Spain. 


THE CULT OF SANTIAGO DE COMPOSTELA 

Christianity apparently reached the 
Iberian peninsula before the close of the 
first century, but little progress was made 
in the evangelisation of the country until 
the ninth century. Among the pagani, or 
heath-men, the old religion survived more 
or less unchanged, and after the Saracen 
invasion in 710 the Visigoths, who alone 
had retained their allegiance to the Chris- 
tian Faith, retired to the mountains and 
eventually settled in the north-west. 
There under Pelayo, whom they installed 
as king of Asturias, they rallied their 
forces, and in 718 began a series of success- 
ful campaigns against the Moors, which 
in 751 resulted in the recovery of Asturias, 
Galicia, and Old Castile. To re-establish 
Christianity in these provinces the cult of 
St. James, the son of Zebedee, was intro- 
duced as a rallying point, so that in the 
traditional lore of Galicia and Asturias 
Santiago occupies a position analogous 
to that of St. Patrick in Ireland. 

All the various versions of the cult and 
its legend agree that after the martyrdom 
of St. James his body was conveyed in a 
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ship from Joppa to Iria Flavia (Padron), 
where he had engaged in missionary 
enterprise during his lifetime (cf. Acta 
Sanctorum, Gelmirez). On arriving at the 
ancient port on the Galician coast, the 
mortal remains were placed on what 
seems to have been a_ neighbouring 
megalithic monument consisting of a 
stone grave and a menhir, venerated 
locally under the names of Barca and 
Patronon (‘the “‘ship” and the “‘skipper”’’). 
At this point the tradition becomes in- 
volved but according to Gelmirez, the 
first bishop of Compostela, the body was 
taken to a spot called Libredon, some four 
miles inland, where it was buried in a 
tomb constructed of stone from an ‘ idol ’ 
that had been much venerated by the 
pagans, and over it they built an oratory 
from the stones that remained of the monu- 
ment. It now appears from the investiga- 
tions of Canon Ferreiro that the place 
selected for the interment was a conical 
mountain called Monte Illicino where 
were what are described as ‘ druidical 
altars’ (Ferreiro). These the disciples 
of St. James are said to have destroyed and 
having procured a cart drawn by two bulls 
they placed the body in it and allowed the 
animals to conduct it whither they would, 
as in the Old Testament story of the return 
of the Ark to Beth-Shemesh. When they 
reached a region described as Amaia they 
stopped and buried the body in arca 
marmorica, the local description of a 
passage dolmen (Leeds, p. 203). The 
chambers were covered with a mound on 
which a marble altar was erected. 

This accomplished, the tomb is said to 
have been neglected and forgotten until, 
about 813, mysterious lights in a copse 
were seen at night, and sounds of celestial 
music heard. Upon investigation by the 
bishop of Iria Flavia a pagan stone ‘ idol’ 
was found, and beneath it in a cave under 
a small altar a sarcophagus was revealed 
bearing the inscription, ‘here lies St. 
James, son of Zebedee and Salome, 
brother of St. John, whom Herod be- 
headed in Jerusalem; he came by sea 
borne by his disciples to Iria Flavia, and 
from thence on a car drawn by oxen of 
the Lady Lupa, owner of these states, 
whose oxen would not pass on any 
further.’ (Lopez, p. 18.) 

There can be little doubt I think from 
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and in the neighbouring districts on th 
Portuguese side of the frontier, that Pry 
Fleure was correct in his conjecture thy 
the cultus arose out of a tradition ¢ 
sanctity that in the first instance wa 
associated with the megalithic religig 
(Fleure, pp. 38, 91; Peake, pp. 208 f: 
Howes, pp. 132 ff. ; James, pp. 273) 
The region abounds in stone cirds 
dolmens, menhirs and ancient trackway 
suggesting that the Galician coast was a 
important centre from the end of th 
Neolithic, comparable to Avebury « 
Carnac. Being near the coast, Santiag, 
would be a convenient meeting place fo 
men from the mountains and men fron 
the sea, as Dr. Howes and Peake hay 
pointed out, just as the fact that it wa 
equidistant from a number of ports in the 
north-west corner of Spain suggests that, 
even in prehistoric days, it might have 
been a junction of roads leading to them, 
and so, like Canterbury and St. David's 
which are similarly situated, have become 
at an early date a sacred site both fo 
pagan and Christian worship. A com 
mon centre promotes not only exchange 
of goods but also the exchange of ideas, 
and votaries as well as traders from far 
and wide doubtless resorted to the Pico 
Sacro, which probably is to be identified 
with the Monte IIlicino of the legend, with 
its cave and megalithic remains, and their 
sacred traditions. 

Around the stones known as Barca and 
Patronon at Padron the medieval Santiago 
cultus seems to have arisen in the fins 
instance (i.e. in the eighth century) to give 
a Christian significance to the pagan cult 
Upon this was superimposed the more 
elaborate tradition concerning the dis 
covery of the tomb containing the body of 
St. James in the copse at the place called 
Libredon, associated with a menhir de- 
scribed as a much venerated stone idol, 
and the cave containing iron tools. The 
journey of the body to Compostela by way 
of this hill is full of megalithic references, 
and on its arrival at its destination it was 
buried in a stone tomb in the form of an 
arca or mamoa (i.e. dolmen) which became 
the site of the famous shrine. There 
eventually the magnificent Romanesque 
cathedral was erected above the crypt 
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‘ontaining the relics of the apostle, and 
became the most important centre of 
On 


ilgrimage in medieval Europe. Thither 


“the faithful made their way, often following 


‘the ancient trade routes and trackways 
ition gf 


along which the Cluniacs established guest 
houses. It was this religious order which 
did much to popularise the cult, and it is 


‘significant that its popularity was most 


conspicuous in Brittany, Wales and Ire- 
land where the megalithic sacred tradi- 
tion was very deeply laid (Hartwell Jones, 
pp. 244 ff.). 


Tat MaRITIME TRADITION IN PORTUGAL 

On their way to Santiago pilgrims fre- 
quently made a halt at Orense—the 
Aurium of the Roman occupation, and 
adistrict in which mamoa occur, taking its 
name from the auriferous alluvial deposits 
in the neighbourhood. The purpose of 
the ‘station’ was the veneration of a 
Byzantine crucifix now preserved in the 
cathedral and held to have been carved 
by Nicodemus, who incidentally is one of 
the heroes of the Arthurian cycle. This 
sacred object was alleged to have been 
brought to the Iberian coast from Finis- 
ttre, an important maritime focal point 
inthe megalithic area in Brittany. Simi- 
larly, across the Portuguese frontier 
another miracle-working crucifix, also 
attributed to Nicodemus, is said to have 
reached its present shrine in the church 
of Bom Jesus de Boucas, Mattoshinos, near 
Oporto, having come by sea like St. 
James after a mysterious voyage from 
Joppa. Under supernatural guidance it 
floated along the Mediterranean, through 
the Straits of Gibraltar to the Atlantic, 
where it turned northwards until finally 
it landed at Leixdes in the parish of 
Mattosinhos on May 3, 117. The exact 
spot where it came ashore is marked by a 
small chapel—Nosso Senhor de Areia—situ- 
ated about half a mile to the’ north of the 
harbour. Thence it was carried on the 
back of a she-ass or mare to Mattosinhos, 
where the animal stopped, refusing to go 
another step however severely she was 

ten. 

From the moment of its arrival countless 
miracles were performed at the shrine, and 
notwithstanding the treacherous nature 
of the coast no wreck, it is claimed, has 
ever been known at the spot where it came 
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to land at Leixdes. Indeed, such was its 
fame that merchants have insured their 
ships there, and processions have been 
held in rough weather, during epidemics, 
and to stop tempests. It is thought, in 
fact, to be the oldest shrine in the country, 
and it still attracts some 30,000 pilgrims 
annually from all parts of the peninsula. 
In this part of Portugal, as in Galicia, 
megaliths are of simple structure, devoid 
of corbelling, slab-cists and incised orna- 
ment characteristic of the great galleries 
and cupolas in the south at Algarve and 
along the Tagus. The workmanship is 
inferior, the contents are meagre and the 
distribution is sporadic. As the legends 
suggest, the movement was from the south 
making its way originally from the Medi- 
terranean, along the littoral until it came 
to rest in the natural harbours of north- 
west Portugal and Spain, while other ex- 
pansions proceeded to Brittany and the 
British Isles ; the Galician tombs occupy- 
ing a position midway between those of 
southern Iberia and Morbihan, diffused 
by sea around Cape Finistére. The 
northern Iberian coast was rich in havens 
like those of Leixées and Padron within 
easy reach of tin and gold deposits reveal- 
ing evidence of ancient mining. Thus, 
as Santiago was situated at the centre of 
a mineral region, so the Lega and the 
Douro offered mining facilities comparable 
to those of Galicia. ‘Tin-making was ex- 
tended as far to the south-east as the 
province of Salamanca, where the mineral 
occurs under alluvial conditions, as well 
as in the granite of Valongo, north of the 
Douro, and near Oporto. Here Cam- 
brian and Silurian strata exist side by side 
with the metamorphic rock and _ the 
granite. Pliny, in fact, described the 
whole district from the Pyrenees to the 
Douro as full of mines, tin and gold being 
especially the products of Galicia and 
Lusitania (Nat. Hist. IV, c. xxxiv; 
XXXIV, c. xlvii). In the days of Agricola 
tin was imported from Portugal, and there 
can be little doubt that the Romans con- 
tinued a long-established exploitation of 
mineral wealth on the banks of the Douro 
and elsewhere in the peninsula, notably 
in the north-western provinces (Phillips, 
p. 516). The Romans at Iria Flavia, and 
their Christian successors at Compostela, 
almost certainly were following well-trod 
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paths when they made their way to 
Santiago, situated on a main route from 
Corufia via Pedrén and Pontevedra to 
Vigo and the adjacent mineral deposits, 
in a district populated originally perhaps 
by voyagers from the south in the Bronze 


Age. 


Tue ‘Crrantas’ OF THE MINHO 

As regards the region south of the Minho 
in Portugal, the gorge-like rias give place 
to a coastal plain affording easier access 
to the hinterland if less in the matter 
of natural harbours. Proceeding inland 
from the neighbourhood of Leixées, at 
the mouth of the Leca, there is evidence 
of important ancient settlements in the 
Province of Minho around Taipas (re- 
nowned for its thermal mineral springs 
from Roman times onwards) between 
Guimaraes and Braga. Thus, on the 
spur of the Serra da Cabreira, some 2} 
miles above the village of Briteiros, there 
stand ruins of an ancient Iberian town, 
commonly called Citania, consisting of a 
series of paved streets flanked on either 
side by the foundations of circular and 
rectangular houses, arranged in groups 
around a court, and with an entrance 
from the street. One of these houses has 
been reconstructed by Dr. Martin Sar- 
miento as a beehive structure with a 
conical roof, the inside forming a single 
chamber. Various explanations of their 
purpose and significance have been 
offered, among which is that of Professor 
Altamira. He maintained that since the 
earlier generations of this people buried 
under dolmens which were circular when 
covered, the later folk retained the tradi- 
tion of circular sepulchres with a domed 
roof, the middle of which was supported 
by a pillar of stone or wood, like the 
indian stupa, the entrance corresponding 
to the passage of the dolmen (Altamira, 
p. 50). Be this as it may, three dolmens 
occur below the settlement, suggesting 
that the site was occupied long before it 
became a Celtiberian stronghold, just as 
it continued to be inhabited after the 
Roman influence dominated the district, 
probably until and after the establishment 
of the Visigoths in’ Portugal. On the 
summit of the hill stands a little chapel 
dedicated to Sao Romfo with an inscrip- 
tion, Aqui foi a antiga capela de S. Romoo 


(Here was in ancient times the chapel ff 


Sao Romao). The foundations of thj 
ancient Christian edifice are still traceable. 

According to a document dated [0% 
(Libro de Mumadona) there was on the hil 


a hermitage of Sao Romao belonging 


the Benedictine monastery of Guimarics 
founded in the tenth century by a Leoney 
princess, on the site of the ruined ancien 
Romano-Celtic town. In the ruins of the 
chapel there is unmistakable evidence of 
an early Christian occupation of the hill 
while the local folklore shows that th 
buried city was regarded with super. 
natural dread. Thus, it was thought to 
be the abode of witches and enchanted 
Moors who proceeded thence at night to 
carry evil over the plain beneath, like 
many another holy mountain in which 
saints and dragons make their habitations 
in strange association with each other, 
In short, it was essentially a holy hill to 
which pilgrimages have been made annv- 
ally on August 9, its sanctity going back 
probably to the time of the megalithic 
monuments at the base of the settlement. 


PAGAN SANCTUARIES AND CHRISTIAN 
SHRINES 


Further to the west lies the city of f 


Braga, the Roman Bracara Augusta, the 
capital of the Callaici Bracarii, where the 
cathedral is alleged to owe its origin to 
St. James of Compostela. About 4 miles 
to the south-east on a hill adjoining that 
on which stands the pilgrimage church of 
Bom Jesus do Monte, is the sanctuary of 
Sameiro in honour of the Virgin. In 
cutting a motor road to it a dolmen has 
been exposed in excellent preservation. 
So holy in fact was the hill in local estima 
tion that the workmen engaged in erecting 
the Christian sanctuary on it had to be 
paid very liberally for undertaking such 
a perilous task. 

These few examples from a mass of 
evidence which could be produced (re- 
stricted by considerations of time and 
space) may suffice to indicate that this 
region from the end of the Neolithic has 
been the scene of movements of peoples 
connected with a sacred tradition which 
has survived throughout the ages in the 
numerous pilgrimage centres and thet 
associated cultus. As St. James was 
thought to have landed at Padron and to 
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have found his final resting-place at 
Santiago, conveniently situated within 
easy access of the Atlantic and the ancient 
mining centres, so at the mouth of the 
Tagus in the cathedral at Lisbon the 
mortal remains of St. Vincent, the patron 
saint of sailors, are said to have been de- 

ited in an urn, having been brought 
thither in a boat escorted by ravens, the 
descendants of which may still be seen in 
the courtyard ! This legend has a parallel 
in the story of St. Martha who, according 
to one version, was conveyed by ravens 
in a vessel without sails, oars, rudder or 
pilot, to a spot near Marseilles, ‘ where 
the Rhone pours into the Gallic sea.’ 
From Palestine this mysterious craft made 
its way through the Adriatic and along 
the Mediterranean till it reached its 
final resting place where the immigrants, 
St. Martha, her sister Mary and their 
brother Lazarus, together with their com- 
panions, were well received in the province 
of Vienne. There they made their abode 
in a cave called St. Baune located in a 
huge rock. On the top of this rock stands 
the chapel of St. Pilon, and at the base a 
pile of stones near a desert inhabited by a 
dragon known as the Tarasque, thought 
by the Abbé Fouillon to have been a 
crocodile from Egypt. Having been sub- 
dued by St. Martha and then killed by the 
people of Tarascon (the home, incidentally, 
of the immortal Tartarin) which derives 
itt name from the monster, its remains 
repose in the parish church. There, too, 
lie the relics of the saint in a small crypt 
called the Grotto (a Gallo-Roman tomb) 
under the western end of the north aisle. 
Originally they were buried, it would 
seem, in a rock-hewn cavity a little to the 
east of the place where they have been 
enshrined. For centuries the Grotto was 
one of the most famous sanctuaries in 
Provence. At it Clovis was alleged to 
have been cured of a mortal disease, and 
among notable visitors to the shrine were 
the Dauphin (afterwards Louis XI), 
Charles IX, Anne of Austria and 
Louis XIV. 

If the St. Vincent legend could be con- 
nected with the tomb erected over the 
tude stone monument in the crypt of San 
Vincente at Avila, it would bring it into 
line with the St. Martha episode. The 
Spanish saint, however, appears to have 
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been a contemporary of his Portuguese 
namesake, and after his martyrdom at 
Avila in 303, together with his sisters, SS. 
Sevina and Cristota, to have developed 
an independent cultus. On the other 
hand, the Acta of St. Leocardia places 
their death at Ebora, and if this is the 
equivalent of the modern Evora, the tradi- 
tion thereby becomes connected with 
southern Portugal. 

Be this as it may, the connexion between 
Christian shrines and their megalithic 
prototypes is so intimate in Iberian hagio- 
logy and folklore, often in association with 
a maritime legend concerning a mysterious 
voyage, usually from the eastern Mediter- 
ranean, that its significance and interpre- 
tation hardly can be in doubt. This is 
most apparent in the case of the cult of 
St. James at Compostela, where the tradi- 
tion of sanctity appears to have lingered 
on from the Bronze Age until eventually 
Santiago became the centre of pil- 
grimage par excellence in medieval Europe, 
and attracted to the ancient megalithic 
site relays of votaries, especially from the 
Celtic fringes, following the same course 
pursued by their prehistoric and proto- 
historic predecessors along the ancient 
trade routes to Galicia. 

Once sacredness is attached to a locality, 
object or person it does not readily lose 
its sanctity however much the original 
cultus may be transferred and _trans- 
formed in course of diffusion from one 
supernatural being and his ritual to 
another—and a saint may be as popular 
as a god if his festival is kept in the same 
manner and more or less at the same season. 

At the break-up of the Roman Empire 
Europe was immersed in a_ bewildering 
medley of mystery cults, confused mytho- 
logies, philosophic systems and popular 
traditions and customs derived from a 
great variety of sources, Latin, Celtic and 
Germanic. As the new unifying dynamic, 
Christianity recognised the value of this 
diverse and unco-ordinated material re- 
sulting from the intermingling of different 
racial, cultural, religious and historical 
traditions, and systematically set to work 
to use it for its own ends. Around its 
historic and symbolical figures—apostles, 
martyrs and confessors, as well as the Theo- 
tokos, the queen of saints—it developed 
a cultus, a legend and a sacred drama ; 
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often at first purely local in application 
and significance, but later given a wider 
reference as a result of cult contact. 
Pilgrimage normally was made to the 
place of burial of the martyrs and other 
heroes of the Faith, while the lives, exploits 
and adventures of the saints were systema- 
tically compiled by hagiographers after the 
cultus and its tradition had been established. 

Where, as in the case of the earliest 
apostles, martyrs and evangelists, the 
actual place of interment was unknown, 
attempts were made to locate it at a spot 
that already had acquired a long reputa- 
tion for sanctity. Thus, Compostela be- 
came the resting place of the mortal 
remains of St. James and Padron the 
traditional scene of his evangelistic cam- 
paign ; while in a modified form with 
different associations the same tradition 
recurred south of the Minho, and persisted 
among the folk cultures of the Atlantic 
and Mediterranean littoral. In the pro- 
cess of adaptation to new and higher 
religious disciplines it underwent a good 
deal of re-interpretation, but so deeply 
laid was the maritime theme that it has re- 
mained a fundamental element throughout 
the spread and transvaluation of the ever- 
developing complex of belief and practice 
superimposed on a succession of cultures. 
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THE NERVOUS CONTROL OF THE 
MOVEMENTS OF THE ALIMENTARY CANAL 


Address by 
Pror. R. C. GARRY 


PRESIDENT OF SECTION I 


‘In the days when man’s members did not all agree amongst them- 
selves, as is now the case, but had each its own ideas and a voice of its 
own, the other parts thought it unfair that they should have the worry 
and the trouble and the labour of providing everything for the belly, 
while the belly remained quietly in their midst with nothing to do but 
to enjoy the good things which they bestowed upon it ; they therefore 
conspired together that the hands should carry no food to the mouth, 
nor the mouth accept anything that was given it, nor the teeth grind up 
what they received. While they sought in this angry spirit to starve the 
belly into submission, the members themselves and the whole body were 
reduced to the utmost weakness. Hence it had become clear that even 
the belly had no idle task to perform.’ (Livy, II, 32.) 

In 494 B.c. the plebeians rose in revolt and deserted Rome. Menenius 


Agrippa induced them to return by recounting the above fable. 


WHEN an organism is highly developed the 
various systems within the organism must 
be subject to control. Such control can 
be exerted both by humoral agencies and 
by the nervous system. It is possible to 
envisage the form this control ought to take 
if optimal functional integration is to be 
achieved within the organism. 

(i) The system should be integrated 
within itself, the various parts should act 
in harmony with one another. 

(ii) But a system, however well co- 
ordinated, is not an end in itself. It is 
part of a larger whole, the organism. We 
therefore will expect to find influences at 
work bringing the system into subjection 
to the economy of the entire body. 

(ili) We will expect to find, too, some 
device to enable the system to react on its 
parent organism. 

Brocklehurst (1950) in his Presidential 
Address to Section I in 1950 dealt with 
the réle of humoral agencies in the control 
of the alimentary system. This, then, is 
to be an attempt to give a companion 
description of the part played by the 
nervous system in control of the move- 
ments of the gastro-intestinal tract. 


Over fifty years ago Bayliss and Starling 
(1899) wrote, and it is the first sentence of 
their classical paper ‘The movements 
and innervation of the small intestine,’ 
‘On no subject in physiology do we meet 
with so many discrepancies of fact and 
opinion as in that of the physiology of the 
intestinal movements.’ And these two 
did solve, to their own satisfaction and 
to that of their contemporaries, the out- 
standing problems of the innervation of 
the gut. Their findings, little altered, are 
the basis of most text-book descriptions at 
the present day. Yet close reading of 
their papers, and of many articles pub- 
lished subsequently by others, reveals no 
little doubt and uncertainty. The time is 
ripe for a review of the present position. 


1. THe Intrinsic INTEGRATION OF THE 
MOVEMENTS OF THE ALIMENTARY 
CANAL 


Magnus (1904) found that the small 
intestine, in vitro, showed rhythmical 
activity and tone. He and later workers 
claimed that such movements occur in 
portions of gut devoid of nerve cells. It is 
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very doubtful, in the light of modern his- 
tological observations, if one can by simple 
dissection remove nerve cells, let alone 
all nervous elements, from the intestine. 
Yet the gut continues to show rhythmical 
activity in the presence of nerve poisons 
and also after intervals of time which one 
would expect to be lethal to nervous tissue. 

What are these movements exhibited by 
the Magnus preparation of the gut im 
vitro? What do they correspond to in the 
intact gut in the intact animal ? 

Bayliss and Starling (1899) saw three 
types of movement in the small intestine 
when the abdomen of an anaesthetised 
dog had been opened under a saline solu- 
tion. There were pendulum movements, a 
swaying to and fro of loops of the gut 
floating in the solution. There were 
slight rings of constriction which usually 
moved somewhat rapidly caudad, although 
they did, on occasion, move craniad. 
Lastly, there were peristaltic movements, 
powerful zones of constriction preceded 
by inhibition, which invariably moved 
caudad. It is to be doubted, however, 
if Bayliss and Starling regarded pendu- 
lum movements as a separate entity. In 
a later paper (1900-01), they describe 
‘rhythmic contractions giving rise to 
the pendulum movements and running 
rapidly down the intestine.’ In the sum- 
mary of this paper they refer to ‘ Myogenic 
rhythmic contractions pendulum 
movements ”’).’ 

In 1917 Trendelenburg was able to 
show peristalsis in vitro in the gut of 
guinea-pigs. When an excised portion 
of the small intestine was distended it 
started to shorten until, at a definite 
critical pressure, a constriction appeared 
at the cranial end of the segment. A 
wave of contraction then swept rapidly 
caudad expelling the contents of the gut. 
This peristaltic wave was accompanied 
by lengthening of the intestine. Such 
peristaltic movements in vitro show rapid 
fatigue, disappear long before simple 
rhythmical movements cease, and are 
abolished by nicotine which does not 
impair the ‘ pendulum ’ movements. 

We now know that these peristaltic 
waves in the Trendelenburg apparatus are 
abolished by cocaine, by d-tubocurarine 
and by hexamethonium (Burn, 1952). 

The remarkable self-sufficiency of the 


gut is also shown by the ‘ visceral organism’ 
of Markowitz and Essex (1930). 

Cannon (1911-12) described ‘ tone 
rings’ in the gut. These are local 
stationary circumscribed constriction; 
which give off wave after wave of con. 
traction which may move caudad (kata. 
stalsis) or craniad (anastalsis). The incisura 
angularis, the prepyloric sphincter, is such 
a ‘tone ring’ giving rise to the pyloric 
movements in the stomach. In the large 
bowel a similar ‘tone ring’ may be 
established and, in this case, the waves of 
contraction move craniad towards the 
caecum. This is the ‘ antiperistalsis’ of 
the colon. Similar ‘ pulsating tonic rings’ 
appear in the small intestine and they are 
not abolished by nicotine. It is attrac. 
tive to imagine that the waves of contrac. 
tion seen by Bayliss and Starling are the 
waves which Cannon believed to arise 
from ‘ tonic rings.’ 

In 1902 Cannon detected still another 
movement in the small intestine of un- 
anaesthetised cats. He added bismuth 
subnitrate to their food so that the con- 
tents of the gut would be opaque to 
X-rays. He then watched the intestinal 
movements on a fluorescent screen. At 
intervals along the small intestine con- 
strictions simultaneously developed, re- 
mained for some time and then disappeared 
while a new series of constrictions made 
its appearance halfway between the pre- 
vious constrictions. This co-ordinated 
sequence of activity is segmentation. 

The gut then seems to show four types 
of activity :— 

(i) Rhythmical movements 
which may, or may not, represent an 
activity in the intact animal. Bayliss and 
Starling regarded them simply as a re- 
sponse of the smooth muscle to stretch. 
For this activity ‘ pendulum movements’ 
would be a very good name but, unfor- 
tunately, it has been applied to a hypo 
thetical type of gut movement in vivo. 

(ii) Waves of contraction which usually 
move caudad and which may arise in 
pulsating tonic rings. ; 

(iii) Segmentation with its alternating 
constriction and dilatation of the small 
intestine. 

(iv) Peristalsis, a wave of contraction 
moving caudad and preceded by inhibi 
tion. 
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Figure 1. A hypothetical arrangement of the nervous elements within the gut wall. 


A. Local mucosal reflexes. Ingoing pathway from the epithelium to Meissner’s plexus : outgoing pathways 
to secretory cells of the crypts, to the blood-vessels, to the muscularis mucosae and to the smooth 


muscle in the villi. 


B. Intrinsic reflex, local and spreading, involving entire bowel wall. 


Ingoing pathway from the epithelium to 


Auerbach’s plexus: outgoing pathways to the muscle coats, to blood-vessels and to mucosal 


structures as in A. 


C. Spinal reflexes. Ingoing pathway from the epithelium, blood-vessels, muscle coats and serosa to the 
spinal cord : outgoing pathways by ortho- and para-sympathetic outflows to the gut. 


The nature, control and integration of 
these movements, however, cannot be 
further discussed without some descrip- 
tion of the nervous structures known to be 
present in the gut, Fig. 1. 

In 1927 Catherine Hill published a 
comprehensive paper on the histology of 
the enteric plexuses. She somewhat too 
skilfully crystallised our views on the 
matter, for no material alteration or modi- 
fication of her presentation has found its 
way into current physiological thought. 

By application of nicotine early workers 
soon showed that the orthosympathetic 


H. S. D. Garven. 


outflow is interrupted in collateral ganglia 
remote from the gut and that non-myelin- 
ated post-ganglionic axons run thereafter 
directly to a small proportion of the 
muscle cells belonging to both muscular 
coats of the intestine. The axons of the 
parasympathetic outflow, on the other 
hand, run directly to the gut without 
interruption. There they synapse with 
the cells of Auerbach’s myenteric plexus, 
Fig. 1c. Langley (1922) postulated the 
existence of two types of cell in the 
myenteric plexus. One type _ receives 
parasympathetic axons with either an 
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inhibitory or motor action. Such cells 
are few in number. The other type 
serves to distribute either the motor or 
inhibitory impulses of parasympathetic 
origin. These are ‘local cells,’ and are 
numerous. Ambache (1951), as a result 
of very recent work, goes a step further. 
He also finds evidence that the ‘ local 
cells’ of Langley are of two types, in 
modern terminology cholinergic and 
adrenergic. Moreover, he ventures the 
suggestion that the cholinergic local cells 
send their axons craniad, the adrenergic 
cells caudad. 

The position is still further complicated 
by the claims of Boeke (1940). He does 
not believe that a tiny end-knob, which is 
present on only one in about 100 smooth 
muscle cells, can liberate a sufficiency of 
the transmitter which we now believe to 
be set free at neuro-effector junctions. 
He therefore postulates the existence in 
the gut, as elsewhere, of an ‘ interstitial 
cell ’ net which acts as the real termination 
of the autonomic system, ,, eine Umver- 
tungstelle der Erregung.‘ 

However this may be, there do seem to 
be grounds for believing that the myen- 
teric plexuses form a rather elaborate 
nerve net which may be polarised. What 
part does this nerve net play in control of 
intestinal movements ? 

The ‘pendulum movements’ in vitro 
and the waves of contraction which usually 
move caudad, types (i) and (ii) above, 
may be truly myogenic. Co-ordination of 
these activities can then be only by direct 
spread of excitation or of inhibition 
through the quasi syncytium of the gut 
musculature. 

Cannon (1912) regarded segmentation, 
type (iii), as a local response to distension, 
the response depending on the integrity of 
nervous elements locally in the gut. He 
was careful to point out that a reflex, in 
the true sense of the word, is not involved. 

The majority of physiologists are now 
agreed that true peristalsis, the type (iv) 
movement, involves contraction craniad 
and inhibition caudad to the site of 
stimulation. Bayliss and Starling accepted 
such co-ordination as evidence for the 
existence of a nervous reflex in the myen- 
teric plexus. Cannon (1912) says ‘ Prob- 
abiy in the usual (reflex) peristalsis of 
the small intestine the same neuromuscu- 


lature is involved as in segmentation, by 
subject to superintending and co-ording. 
ing neurons.’ Cannon gave the nam 
diastalsis’ to this complex movemen, 
Gasser (1926), referring to peristakj 
elicited in vitro by the Trendelenb 
technique, says ‘ It is difficult to conceive 
a co-ordinating mechanism for this inter. 
play not involving an intercalated nervoy 
element.’ 

However, several authorities will have 
none of this. To Johnson (1924-25) the 
myenteric plexus is merely a diffuse col. 
lateral ganglion. Carey (1921) studied the 
cyto-architecture of the coats of the gut, 
He came to the conclusion that the dis. 
position of the muscle coats is such that 
distension of the gut, which leads to 
contraction locally, must bring about con- 
striction craniad and dilatation caudad. 
He believes it is quite gratuitous to postu- 
late the existence of a nervous reflex, 
Bayliss and Starling suggested that the 
preponderance of descending waves of 
contraction, type (ii) activity in the present 
classification, ‘ may be due to the higher 
excitability of the fibres at the duodenal 
end of the gut.’ Alvarez (1949), as is 
well known, used this conception of a 
gradient of activity from the cranial to the 
caudal ends of the gut to explain the 
onward passage of the gut contents. He 
also does not think it necessary to invoke 
the help of a reflex in the myenteric 
plexus. 

There it is probably wise to leave the 
controversy. As Occam said, one should 
not postulate the existence of factors with- 
out the necessity to do so. But surely it 
is equally wrong to ignore factors un 
doubtedly present. And it is difficult to 
believe that the myenteric plexus, as we 
now know it, is not a factor in reflex con- 
trol of at least certain of the intrinsic 
activities of the gut. But one must admit 
that a vital piece of evidence is stil 
missing. A reflex postulates the existence 
of a receptor, an ingoing path, a ‘ centre, 
an outgoing path and an effector. There 
are no highly organised receptors in the 
gut, and ingoing axons, according to 
Catherine Hill, pass straight through 
from the mucosa or blood-vessels without 
synapse in the myenteric plexus, Fig. 1¢. 
In spite of the absence of specialised re- 
ceptors we now know that stimuli, both 
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normal and abnormal, when applied to 
the mucosa, submucosa and muscle coats 
of the gut, send impulses into the central 
nervous system. If the existence of colla- 
trals from the ingoing axons to the 
myenteric plexus could only be shown 
then there would be the neural basis 
necessary for local reflexes within the 
intestine itself. Alternatively, stimulation 
of the gut may, in some other fashion, 
dicit nerve impulses within the myenteric 
plexuses, possibly through the medium of 
local ‘sensory’ neurones such as are 
depicted in Fig. 1a and B. 

There is another activity which may 
have a bearing on this general problem. 
Although the intestinal villi respond by 
increased activity to some humoral agent 
produced during digestion, a single villus 
can also contract, and smartly too, when 
the mucous membrane close to the base 
of the villus is touched. This response is 
said to depend on the integrity of nervous 
elements in the submucosa, Fig 1a. 

The intestinal movements so far con- 
sidered are regional and controlled locally. 
Is there evidence for a more general con- 
trol, a control still intrinsic and divorced 
from the extrinsic innervation ? 

Macewen in 1904 noted that taking 
food into the human stomach promptly 
led to increased activity of the caecum, 
colon and possibly of the ileum. The 
response ‘ followed the ingestion of food 
too quickly to permit of the peristalsis 
acting through the whole length of the 
small intestine. It was, therefore, regarded 
as probably due to reflex action.’ For 
many years this phenomenon has been 
known as the gastro-colic reflex. 

Douglas and Mann (1939, 1940) and 
Douglas (1941) re-examined this pheno- 
menon in dogs. Eating, placing food 
directly into the stomach or into the 
duodenum through a fistula, caused, 
within a few seconds, a marked and pro- 
longed increase in the activity of the 
ileum. This rapid response persisted after 
section of both vagus nerves, but could 
not be obtained from Thiry-Vella loops 
with intact extrinsic innervation. On the 
other hand, section of the gut, with im- 
Mediate resuture, did not abolish the 
effect. So Douglas and Mann suggest 
that the gastro-colic reflex is no more than 
arapidly propagated local response of the 
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gut to distension. It is rather like the 
jogging wave which passes down a line 
of railway trucks during shunting. But 
Douglas and Mann report one rather odd 
feature. While the distal colon showed 
a gastro-colic response, the proximal colon 
did not do so. There is a gap, then, in the 
line of trucks and we do not know what 
bridges the gap. Nevertheless, there is 
little doubt that ‘a wave of activity 
passes down the whole length of the bowel 
when food is first taken after a fast.’ For 
this phenomenon Douglas (1948) suggests 
‘ post-prandial excitation of the intestine.’ 

Sir Arthur Keith in 1915 put forward 
the interesting suggestion that the gut may 
possess intestinal ‘ pacemakers ’ on analogy 
with the sinu-atrial node of the heart. In 
the myenteric plexus he described a 
‘ third element,’ a ‘ neuro-muscular tissue ’ 
which formed ‘nodes’ at the gastro- 
oesophageal junction, at the cranial por- 
tion of the duodenum, at the ileo-colic 
junction and also at certain sites in 
the large intestine. Douglas too (1949) 
believes that the duodenum acts as a 
rhythmogenic centre. If a portion of the 
jejunum is transplanted to the ileum the 
frequency of the jejunal contractions 
becomes less. The duodenum thus seems 
to drive the jejunum to show a frequency 
of contraction greater than that natural 
to the jejunum. This conception, like 
that of Keith, postulates the existence of 
an intrinsic co-ordinating system, be it the 
visceral muscle itself, a specialised con- 
ducting system, or the nerve net of the 
myenteric plexus. 

It is only too obvious that our know- 
ledge of the nature and control of the 
intrinsic powers of the intestinal tract is 
defective. We can only say with certainty 
that the gut is a thoroughly self-sufficient 
structure exhibiting no small degree of 
co-ordination within itself. ‘The relative 
importance of muscular and_ nervous 
elements in this co-ordination is. still 
undecided. 


2. CONTROL OF THE GUT WITHIN THE 
Bopy 
The gut receives its nerve supply from 
the Autonomic Nervous System, Fig. 2. 
This at least partially autonomous system 
is divided into (a2) Orthosympathetic and 
(6) Parasympathetic portions. Most of the 
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Figure 2. A simple diagram of the nervous outflow to the alimentary canal. 
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gut is thought to receive its parasym- 

thetic supply through the vagus nerves, 
though the caudal region is supplied by 
the pelvic nerves which also belong to the 

asympathetic outflow. 

It is most attractive, and dangerously 
atisfying mentally, to see antagonistic 
controls in these two outflows to the gut. 
Probably the real state of affairs is much 
more complicated and not nearly so clean 
cut. It is certainly an ominous fact that 
there has been little change in our funda- 
mental views since the days of Gaskell 
(1916) and of Langley (1921). We are 
no nearer understanding of the fact that 
simulation of these outflows may cause 
contraction of smooth muscle at one site 
while, close by, smooth muscle, to all 
appearances the same, is inhibited. 

Essentially only three techniques are 

available to the physiologist who wishes 
to unravel the functions of the nervous 
outflows to the gut. He may cut the out- 
going nerves and then stimulate artificially 
the peripheral ends of the cut nerves. 
Alternatively he may simply sever the 
outflows and observe the effects following 
on absence of normal outgoing impulses. 
Both these methods have fundamental 
defects. Anatomical nervous outflows may 
not be ‘ pure,’ they may contain axons 
belonging to another outflow and the 
inevitable operative procedure may create 
an unphysiological state. Less objection- 
able, perhaps, is to observe the effect of 
administration of the substances thought 
to be the humoral transmitters of the 
autonomic system. Substances known to 
act upon these transmitters may also be 
administered and the effect noted. 
_ Control by the Orthosympathetic Outflow.—It 
is generally believed that the orthosym- 
pathetic outflow is inhibitor to the gut and 
motor to the sphincters. In the words of 
Elliott (1905) ‘. . . if quiet lodgement of 
the contents be facilitated by the presence 
of sympathetic inhibitor nerves to the body 
of the viscus, there will also be sympathetic 
motor nerves to the sphincter closing the 
exit, 

Probably the most satisfactory evidence 
comes from the surgeons who obtain the 
expected result in patients when they 
Interrupt the orthosympathetic outflow 
on the hypothesis that it is inhibitor to the 
gut and motor to the sphincters. 


I.—Physiology 


Yet certain niggling doubts remain. 
Artificial stimulation of what are thought 
to be orthosympathetic outflows to the 
stomach may produce motor effects 
(McCrea and McSwiney, 1928), and 
adrenaline in the guinea-pig can cause 
contraction of the small intestine close to 
the ileo-colic sphincter (Munro, 1951). 
Moreover, it is said that the frequency 
with which the stimulation is applied may 
affect the nature of the response (Finkle- 
man, 1930). 

Nevertheless, we may venture to ascribe 
three functions to the orthosympathetic 
outflow. (1) It may ‘allow filling and 
time for absorption’ (Learmonth and 
Markowitz, 1930). (2) It may inhibit 
gastro-intestinal activity when blood is 
diverted from the viscura, say during 
muscular exercise. (3) When mischief is 
afoot in the abdominal cavity the ortho- 
sympathetic outflow inhibits the gut. This 
inactivity may prevent exacerbation of the 
pathological process. 

Control by the Parasympathetic Outflow.—On 
the theory of autonomic balance one 
would expect the parasympathetic outflow 
to be motor to the gut and inhibitor to the 
sphincters. Experimental results are far 
from being in keeping with this view. No 
one has been able to find a definite inhi- 
bitor outflow to the ileo-colic sphincter. 
McCrea, McSwiney and Stopford (1925) 
go as far as to compare the action of the 
vagus nerve on the stomach to the action 
of the same nerve on the heart. Stimula- 
tion of the peripheral end of the cut vagus 
nerve initially causes inhibition which is 
followed by ‘ vagus escape’ and an aug- 
mentation of the stomach movements. 
McCrea and McSwiney (1928) find ‘ no 
evidence of any direct antagonism between 
the vagus and splanchnic nerves.’ McCrea 
and Macdonald (1928-29) state that the 
‘theory of vagus nerve being excitor and 
splanchnic inhibitor is untenable.’ 

These workers all emphasised the im- 
portance of what they called the ‘ peri- 
pheral mechanism.’ When the stomach is 
active, stimulation of the orthosympathetic 
and also of the parasympathetic outflow 
will tend to cause inhibition. When the 
stomach is inactive, whatever outflow is 
stimulated, the result will tend to be 
motor. 

There is no reason to doubt the accuracy 
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of these findings. Probably our under- 
standing of the nature of the extrinsic 
innervation of the gut is at fault, we are 
not asking the questions we think we are 
asking when we cut nerves which supply 
the gut and then stimulate the peripheral 
ends artificially. More in keeping with 
the conventional hypothesis is the obser- 
vation that, when the vagus nerves are cut, 
there is delay in emptying of the stomach. 
When the pelvic nerves are cut, the move- 
ments of the large bowel are impaired and 
reflex defaecation is abolished (Garry, 
1934). 

Gregory (1947) showed that activity in 
the jejunum, induced by administration of 
apomorphine, was abolished by cutting 
the vagus nerves. Later, in 1950, he 
showed that the act of feeding, and also 
the presence of food in the stomach, 
increased the activity of the jejunum. 
Moreover, he found, rather unexpectedly, 
that this increased activity delayed the 
onward movement of fluid flowing through 
the jejunum. Cutting the nerves to the 
gut abolished this effect. It is difficult to 
reconcile such findings with the work of 
Douglas and Mann quoted above. 

In view of these and other observations 
it is very difficult indeed to ascribe with 
confidence a definite function to the 
parasympathetic outflow to the gut. We do 
know, however, that the integrity of the 
pelvic nerves is necessary for defaecation. 
On the hypothesis that the parasym- 
pathetic is motor to the gut and inhi- 
bitor to the sphincters the idea has grown 
that the parasympathetic promotes trans- 
lation of the contents of the gut caudad. 
But Gregory believes that increased activ- 
ity delays translation to allow time for 
absorption. As noted above this very 
function has been attributed to the 
orthosympathetic outflow since it inhibits 
gut activity. The answer is to be found 
in further work. 

Control at the Cranial and Caudal Extremi- 
ties of the Gut.—The cranial end of the 
oesophagus has walls composed of striped 
muscle, the extent of this musculature 
depending on the species of animal. 
Division of the vagus nerves causes per- 
manent paralysis of the striped muscle 
(Cannon, 1907). The caudal end of the 
oesophagus has smooth muscle. In this 
case, section of the vagus nerves causes 
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only transient paralysis of the smog 
muscle, and, for a time, the card, 
sphincter does not relax normally to ally, 
food in the oesophagus to enter th 
stomach. When food is swallowed, th 
walls of the stomach most accommody, 
ingly show ‘ receptive relaxation.’ Thy 
response depends on the integrity of th 
vagus nerves (Cannon and Lieb, 1911), 

In suckling ruminant animals there js; 
functional extension of the oesophagy 
In order to bypass the undeveloped for. 
stomachs an oesophageal groove is forme 
by contraction of the walls of the stomac), 
This groove conveys the milk directly ini 


the abomasum, the real stomach. The a 
groove appears only during the act ¢ One 
suckling and its formation depends that 
an intact nerve supply. been ( 
Vomiting is a complex reflex act in dimen 
volving the striped muscle of the abdoni. §™ be 
nal wall and of the diaphragm as well a giving 
the smooth muscle of the gut. The vague 
nerves are thought to be the chief out the gu 
going pathways to the gut in this refer" 
although a patient with severed vagu The F 
nerves can still vomit (Illingworth, 
1952). from 
At the caudal end of the gut the pelvic § 
nerves are motor to the colon and rectum § 
and inhibitor to the smooth internal and §" ' 
sphincter. The orthosympathetic outflow 
has the opposite action. This generalise | 
tion has been challenged by Lawson and JP" 
Templeton (1932). <— 
The caudal end of the gut seems to re 
have lost much of its autonomy. Division ra 
of the pelvic nerves, or destruction of the . 
portion of the spinal cord from which rd 
these nerves arise, leads to long-lasting J° 
paralysis of the caudal end of the gut. Yet, | 
even in man, the caudal end of the gut = 
may regain much of its intrinsic power pm 
after destruction of the spinal cord (Head ne 
and Riddoch, 1917 ; Denny-Brown and es 
Robertson, 1935). ns 
It would seem that the function of the me 
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One is faced straight away with the fact 
tht no elaborate nervous receptors have 
ben described in the substance of the 

act in aimentary canal. In man the intestine 
abdomi.§ % be cut, burned and crushed without 
- well as suing rise to sensation. Nevertheless, as 
1e vay § everyone knows, sensation can arise from 
ief out. tte gut. Colic, which need not arise in 
is reflex te Colon, is the example of such sensation. 
1 vagy § Ite position is still further confused by 
gworth, | mtroversy over the nature of sensation 
fom the viscera. Is there a true visceral 
e pelvic snsation or is the sensation ‘ referred ’ to 
rectum & tte surface of the body? We seem to be 
al anal § "W veering towards the belief that there 
outflow 84 true visceral sensation. However this 
eralisa- (My be, there is no doubt that nerve 


on and § ™pulses do travel from the gut to the 

central nervous system. This was demon- 
ems to | tated by McDowall (1925) who noted 
Jivision § tat distension of the intestine caused 
“of the § “atation of the pupil of cats anaesthetised 
which qth chloralose. With this technique 
lasting McSwiney and his pupils traced the 
Yet, “mplicated nervous pathways into the 
he gut nervous system. Probably nerve 
power impulses are constantly passing into the 
(Head central nervous system from the active gut 
n and | “Ut rarely reach consciousness. When the 


contracting gut meets a resistance in its 
of the lumen which it cannot overcome then the 
oil mpulses reach consciousness to elicit the 


mina- 
ntents § Pan of colic. 
ortho. |. nervous impulses from the 
clonic J Mtestine may play a part in reflex co- 
1 asa | “dination of the activity of the alimentary 
‘anal. Often impulses from the gut and 
is a | "0m other viscera bring about inhibition 
ystem of the gut reflexly (Youmans, 1949). It 
st the | ' Possible that such reflexes are protective. 
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At the extremities of the intestinal tract 
we have rather better information con- 
cerning the nature and importance of 
ingoing nerve impulses. 

Nausea and vomiting can be evoked by 
stimuli applied to the pharynx, the 
oesophagus, the stomach, indeed to many 
parts of the alimentary canal. We have 
no histological evidence for specific nerve 
endings initiating the impulses for this 
complicated protective act. After division 
of the vagus nerves a human being can 
still vomit (Illingworth, 1952), so some 
other pathway must be followed by the 
ingoing nerve impulses. 

Hunger, the real gnawing pangs of 
hunger, are due to powerful contractions 
of the empty stomach (Carlson, 1916). 
The sensation of hunger ceases when the 
stomach is filled and settles down to the 
less stormy activities of gastric digestion. 
Hunger pangs can be relieved even 
when the contents of the stomach have 
no nutritive value. The nerve impulses 
which give rise to a sensation of hunger 
probably travel inwards to the nervous 
system along the nerves used by the 
orthosympathetic outflow. For once, how- 
ever, there can be little doubt about the 
function of a nervous inflow. 

From observations on human beings 
with an opening between the stomach and 
the abdominal wall we know that vague 
sensations, crudely localised, can be elicited 
from the stomach (Wolf and Wolff, 1943). 
Certain of these sensations persist after 
division of the vagus nerves, so some other 
ingoing pathway must be available (Illing- 
worth, 1952). The pain of peptic ulcera- 
tion, the discomfort of indigestion and of 
heartburn must also be elicited by ingoing 
nerve impulses. We know little about 
their causation and the route they follow 
but we can attribute a protective function 
to these nerve impulses. 

At the caudal end of the gut there is 
some certainty about the routes followed 
by the ingoing nerve impulses. Defaeca- 
tion, like vomiting, is an elaborate reflex 
involving the large intestine and skeletal 
musculature. From the terminal portion 
of the large intestine, the rectum, the 
presence of faecal matter evokes initially 
a characteristic sensation and initiates the 
reflex evacuation of the colon. ‘The nerve 
impulses travel inwards along the pelvic 
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nerves, the nerves used by the parasym- 
pathetic outflow (Garry, 1934; Goligher 
and Hughes, 1951). Once more infor- 
mation about the nature of receptors for 
this special inflow of nerve impulses is 
lacking. Goligher (1951) believes that the 
receptors are situated in the mucosa of the 
rectum since removal of the mucosa, even 
with retention of the muscular wall of the 
rectum, abolishes the sensation elicited 
from the rectum. 

From the large intestine cranial to the 
rectum distension does not elicit defaeca- 
tion, but pain may be evoked and the 
impulses pass inwards along pathways 
used by the orthosympathetic outflow. 

Our knowledge concerning the routes 
followed by, and the nature and functions 
of, the impulses which travel inward from 
the gut is grossly defective. There are, 
however, signs of growing interest in this 
field. 


CONCLUSION 


The object of this review is to show the 
alimentary canal as an integrated system 
controlled by, and influencing in its turn, 
the organism as a whole. How far per- 
formance has lagged behind intention is 
only too obvious. There are woeful gaps 
in our knowledge. Observed facts, which 
there is no reason to doubt, will not fit into 
hypotheses inherited from the past. Our 
only recourse is to persevere, to accumu- 
late still more facts, in the hope that 
ultimately we shall see the picture whole. 


Fig. 1 is reproduced by courtesy of 
Dr. H. S. D. Garven. 
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THE ASSESSMENT OF PERSONALITY 
Address by 


Pror. P. E. VERNON 


PRESIDENT OF SECTION J 


PRESIDENTIAL Addresses, to this Section at 
ast, usually fall into one of two types. 
The first is the broad, urbane, survey of 
ihe historical development of the subject 
and of its role in our culture. The other 
ype is the more detailed discussion of 
wme special field in which the speaker is 
paticularly interested. ‘The first is often 
witty, the second technical. My Address 
dearly belongs to the second class. But 
though I cannot aspire to wit or urbanity, 
lwillat least try not to be unduly technical. 

By personality I mean, simply, what 
kind of a person is so-and-so, what is he 
lke? This is not quite the same as the 
colloquial usage, whereby personality 
refers merely to the extent to which a 
person impresses or attracts other people. 
Rather it connotes the whole of a person’s 
outstanding characteristics, his emotional 
and social traits, interests and attitudes, 
which distinguish him from other person- 
alities. You can call this temperament, or 
character, or disposition, if you prefer. I 
shall not attempt a more precise definition, 
but will discuss the theoretical nature of 
personality later. 

Now though I have been working in 
this field of personality, on and off, for 
twenty-five years, I cannot honestly claim 
that I, or other psychologists, have made 
much progress in the practical task of 
asessing personality simply and accurately. 
We fully realise the importance of taking 
personality factors into account in guiding 
or selecting children and adults into suit- 
able educational or vocational careers. 
But we are certainly not in a position to 
Provide the teacher, the Youth Employ- 
ment Officer or the personnel official, with 
a straightforward battery of personality 
fests at all comparable to our tests of 
aptitudes and attainments. At the same 
tme there have been considerable ad- 


vances, especially in experimental work 
into problems of personality. We do 
possess the tools for investigating, for 
example, the origins of anti-semitic and 
other prejudices, the influence on children’s 
personalities of education in progressive 
as contrasted with formal schools, the 
effects on their development of different 
kinds of home atmosphere or of treatment 
during infancy, the personality changes 
brought about in adults by such brain 
operations as leucotomy, or by electro- 
shock- or psycho-therapy, and so on. I 
am not claiming, of course, that we have 
complete answers to such questions ; but 
the results obtained by scientific research 
are certainly worth more than those 
reached by the kind of journalism which 
still bulks so largely in most books on 
medical, social, educational and industrial 
psychology. Unfortunately such research 
is exceedingly elaborate, and it can be 
undertaken only by skilled psychologists, 
preferably working in a team with psychia- 
trists, sociologists and statisticians. Thus 
although it does much to extend our 
knowledge of personality psychology, and 
to indicate the inadequacies of the tests 
or other methods that have commonly 
been adopted in personality assessment, it 
gives little positive help in the provision of 
more accurate methods for everyday use. 


INTERVIEW 


What then are the methods which the 
layman or the psychologist normally uses 
for diagnosing the personality qualities 
of an individual whom he is trying to 
guide or to select? How far are they 
defective, and why ? The main methods 
are, first, casual observation of the indi- 
vidual’s behaviour at school. or in employ- 
ment or elsewhere, and, secondly, the 
interview. Judgments of personality in 
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an interview are based partly on observa- 
tions of manner, expression and speech, 
partly on a more or less systematic inquiry 
into the individual’s past history and 
present aims. Descriptions or testimonials 
written by acquaintances may also be 
consulted. Now there has been a great 
deal of experimental investigation of the 
selection interview, most of which shows 
it to be extremely weak both in reliability 
and validity. By low reliability I mean 
that two interviewers seeing the same 
candidates independently tend to arrive 
at very different conclusions about them. 
The correlation coefficient, which gives 
a statistical index of their agreement, is 
typically around 0-5, though occasionally 
much better figures up to 0-8 are reached 
when trained interviewers analyse care- 
fully beforehand just what qualities they 
are looking for. ‘The more typical coeffi- 
cient of 0-5 may be illustrated as follows. 
Suppose two grammar-school headmasters 
each interviewed 100 Il-year candidates 
and tried to pick the best 20 for grammar- 
school education ; they would agree only 
on 9 of their choices ; each would accept 
11 whom the other would reject. 

Hartog and Rhodes’s investigation, 
described in An Examination of Examinations 
in 1935, is worth recalling, since it studied 
a representative procedure for selecting 
higher civil servants. Sixteen candidates 
were interviewed in the normal way by 
two distinct boards of experienced inter- 
viewers. The boards had access to ex- 
amination marks and past records, and 
each awarded a mark for ‘ value of the 
candidate’s personality for the Home 
Civil Service. Members within each 
board showed fair agreement, but the 
correlation between the two boards was 
only 0-41, and discrepancies in marks 
ranged up to 31 per cent. It is not only 
civil servants, employers and_ teachers 
whose judgments are inconsistent. Some 
studies have shown that when two or more 
psychiatrists interview cases of nervous 
breakdown or mental illness, they dis- 
agree in their psychiatric diagnoses of 
about half the cases (the precise figure 
depends on the heterogeneity of the 
patients and the coarseness of the classi- 
fication). 

Consider next the predictive value of 
judgments made in interviews. During 


the war, recruits were given on entry q 
short series of group tests of intelligence 
education, mechanical and other abilities. 
and they filled in a questionnaire describ. 
ing their previous education, employment 
history, relevant experience and interests, 
Each recruit was then interviewed for 
about 15 minutes by a Personnel Selection 
Officer (P.S.O.), and a recommendation 
was made for a suitable employment, in 
the light of all the evidence. These 
P.S.O.s, it should be noted, were not 
psychologists, but serving officers who had 
been carefully chosen and trained by 
psychologists. In several experiments, the 
success or failure of recruits recommended 
for different jobs was followed up, and it 
was commonly found that predictions by 
the average P.S.O. were less accurate than 
predictions based on the group tests alone, 
But there were large differences. For ex- 
ample, among a hundred or more elec. 
trical mechanics selected for the Royal 
Navy by one P.S.O., 37 per cent. failed to 
qualify at the job; whereas among an 
equally big group selected by another only 
18 per cent. failed. Clearly many P.S.O,, 
although they took account of test scores, 
previous history and interests, and though 
they tried to assess the recruits’ personality 
qualities, did worse than if they had never 
seen the recruits at all, but had mechani- 
cally recommended those with the best 
test scores. 

A similar research on selection of 
students at a college of London University 
has been reported by Dr. Himmelweit. 
The students’ marks on a short entrance 
examination, and scores on a number of 
psychological tests, together with assess- 
ments of intellectual promise made by 
University staff in interviews, were com- 
pared with their degree marks one and 
two years later. The interview judgments 
were found to have zero predictive value ; 
the entrance examination gave rather 
poor predictions ; but some of the psycho- 
logical tests gave quite useful indications 
of later success or failure. 

Such results must, however, be inter- 
preted with caution, for two technical 
reasons. First, the accepted candidates 
who are followed up may have been 
actually selected on the basis of the inter- 
view. In sucha selected group the statis- 
tical validity of the selecting instrument 
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necessarily drops, whereas the validities 
of tests, Which were used only indirectly 
or not at all, are less affected. Secondly, 
the investigator usually contrasts the 
interview predictions with the best of a 
number of tests, or with the best combina- 
tion of a battery of tests. Such validity 
oeficients are by no means stable, 
specially if the group is small. Different 
tests might rise to the top on another 
gcasion, and the original battery might 
how much poorer validity—a pheno- 
menon known as shrinkage. Allowance 
can be made for these snags, but they are 
often forgotten by those who condemn the 
interview as worthless. 

A recent, very thorough, investigation 
which deserves mention is that by Kelley 
and Fiske, in America, into the selection 
of students for training as clinical psy- 
chologists. The candidates underwent 
everal days of testing and interviewing, 
and their performance during subsequent 
training was carefully assessed over four 
years. 


TasLEI. Average Correlations between Proce- 
dures applied in selecting Clinical Psychologists 
and several Assessments of Proficiency after two 


and after four years (Kelley & Fiske). N= 76 
to 93. 
Paper qualifications only, judged by 
two psychologists 0-17 0-22 
Paper qualifications + 1 hour’s inter- 
Judgments based on paper qualifica- 
tions + results of objective tests 0-27 0-28 
Separate objective tests only : Miller 
Analogies . 0-17 0-30 
Guilford-Martin personality in- 
ventory ‘ - O-22 0-16 
Strong interest blank, scored 
for Psychologist . - 0-25 0-20 
Judgments based on above data + 
a series of projection tests 0:29 0-26 
Separate projection tests, each 
given by an independent tester. 
Rorschach inkblots 0-12 0-05 
Thematic Apperception O-11 0-12 
Group Sentence Completion 0-19 0-21 
Ditto + a further intensive interview 0-27 0-26 
Judgments of a team based on all the 
above ‘ . 0:24 0-30 
Final predictions, after observing 
group exercises 0°20 0:33 
Group exercises alone judged by 
three independent testers - 0-27 0-22 


The best predictions were obtained from 
4 study of their paper qualifications, and 
their scores on objective tests of abilities 
and interests. Group exercises of the War 
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Office or Civil Service Selection Board 
type were also useful. But neither 
lengthy interviews by psychologists, nor 
the application of so-called projection 
tests such as Rorschach inkblots or 
Thematic Apperception, added anything 
to the accuracy of selection. Indeed these 
methods in which the psychologists felt 
most confidence were generally the least 
successful. It seems that the more inten- 
sively they studied each individual candi- 
date, the more biased and rigid became 
their judgments of his vocational suit- 
ability. However these conclusions must 
not be given too much credence, since 
they are based on less than a hundred 
cases. 

There is some evidence of a more 
favourable kind. Our own Civil Service 
Selection Boards similarly make a pro- 
longed study of candidates for the 
Administrative Grade and the Foreign 
Service. Account is taken of academic 
examination results, past record and testi- 
monials ;_ several intelligence and other 
tests are given. Then groups of eight 
candidates are observed while carrying 
out activities analogous to those of civil 
servants—discussing some controversial 
problem, summarising and expounding a 
brief, taking the chair at a committee, etc. 
Each is also interviewed by the chairman 
of the board and by a trained vocational 
psychologist. I have compared the grad- 
ings given at each stage to 330 selected 
candidates with assessments of their 
success in the civil service collected 
1} to 2 years later. 


TaBLeE II. Correlations between various stages of 
Civil Service Selection Procedure and Pro- 


ficiency after 14-2 years. N = 330. (All 
coefficients corrected for selectivity.) 
Entrance examinations, or verbal intelli- 
gence tests (average coefficient) 0-22 
Observation of discussion among groups of 
candidates (average of three observers) - 0-32 
Ditto+-observation of committee and other 
exercises (two observers) 0°44 
Consideration of all above evidence + indi- 
vidual interviews (two interviewers) 0-47 
Final mark after discussion between three 
Separate board considers all above evidence 
and re-interviews 0-58 


Here you will see that tests and examin- 
ations have very poor predictive value, 
but that with the accumulation of evidence 
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from the group exercises, the validities 
rise. The interviews seem to add very 
little, but actually the judgments from 
exercises may to some extent have been 
helped by interview data, as the inter- 
views did not always come last. Note also 
that a re-interview by an independent 
civil service board, containing no psycho- 
logists, does improve the final predictions 
significantly. 

The value of interviews is attested, also, 
by the success of the vocational guidance 
given by the National Institute of Indus- 
trial Psychology. Here each candidate 
takes a few intelligence and aptitude tests, 
and school records are consulted, but 
recommendations regarding suitable types 
of job are based chiefly on an interview by 
a psychologist, which systematically covers 
the candidate’s life-history, interests, and 
other relevant qualities. It is regularly 
found that of candidates who follow the 
psychologist’s advice over 90 per cent. 
are satisfied with, and satisfactory in, 
their jobs several years later, whereas 
among those who do not follow it only 
some 50 per cent. are equally successful. 

It would seem then that some inter- 
viewers are moderately good at assessing 
personality, but that most people—how- 
ever confident they may be in their ability 
to sum up interviewees—are not. Un- 
fortunately there is little systematic infor- 
mation as to how to select and train good 
interviewers ; it is largely a matter of 
trial and error. Undoubtedly a great 
many professional psychologists and psy- 
chiatrists, as well as employers and 
teachers, are thoroughly bad interviewers 
and judges of personality. The selection 
interview can do some things efficiently. 
Thus it is useful for marshalling the 
evidence regarding a candidate’s educa- 
tional and occupational career. Research 
in the American army shows too that it 
can be used for assessing such qualities as 
social aplomb, fluency, good manner and 
bearing—since these do manifest them- 
selves in the interview situation. But it 
is an extremely inefficient technique, 
either for bringing out more fundamen- 
tal traits like industriousness, emotional 
stability and moral character, or for 
synthesising and weighing up the more 
objective evidence obtainable from past 
record and test results. The picture that it 


gives of a candidate’s total personality , 
more likely to be distorted than balanced 
Of course we shall have to continue to uy 
it very widely, both because it is the gener. 
ally accepted method, and because of the 
difficulties of providing anything better, 
But the addition of even a few scientific 
tests would be tremendously valuable jp 
correcting its bias and subjectivity. 


PERSONALITY RATINGS 


Now it might be thought that the inter. 
view is unsatisfactory because it entail 
an artificial and strained situation jp 
which the interviewee, particularly if he 
is a child, can hardly be expected to act 
naturally. Would not everyday obser 
vations of the person’s spontaneous beha- 
viour at home, at school, or elsewhere, be 
better ? But here too we come up against 
the fallibility of human judgment. There 
have been innumerable studies where 
ratings or assessments of the traits of a 
group of persons have been made by 
several acquaintances, often on carefully 
constructed rating scales. Most of these 
show that the agreement between different 
raters is just about as low as it is between 
different interviewers, namely correla- 
tions of around 0-5. Higher coefficients 
are sometimes obtained, say from two 
teachers ; but this is probably due to their 
having developed similar points of view 
or biases, or to having discussed the 
children beforehand. An_ illuminating 
investigation of the value of teachers’ 
ratings of 11-year pupils was included 
in McClelland’s work on secondary school 
selection at Dundee. Quite good predic- 
tions of success in the secondary school 
were obtained both from intelligence and 
attainment tests and ordinary examina- 
tions, and from primary school teachers’ 
estimates of ability in English and Arith- 
metic. But when account was taken of 
their judgments of industriousness and 
other relevant personal qualities, there 
was no improvement, indeed there was 4 
decline, in the accuracy of selection. This 
does not mean that ratings of industrious 
ness showed no agreement with secondary 
school work, but rather that whatever the 
teachers knew about their pupils’ person 
alities was already embodied in their 
English and Arithmetic assessments ; hence 
the addition of personality judgments was 
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of no help. Other researches have indi- 
cated that teachers’ ratings of such traits as 

rsistence among secondary pupils are 
less accurate than fellow-pupils’ ratings of 
one another ; also that fellow cadets or 
recruits are better able to predict officer 
quality than are the recruits’ Commanding 
Officers. 

An outstanding feature of ratings is 
known as the halo effect. When raters 
asess several qualities, say intelligence, 
emotional stability, honesty and _ socia- 
bility, it is always found that their judg- 
ments of these qualities overlap or 
intercorrelate very highly. They fail to 
distinguish what should be largely inde- 
pendent traits, because they tend to see 
those they are rating through a kind of 
halo or general impression, and give high 
ratings on all desirable qualities to those 
they like, low ratings to those they dislike, 
regardless of the supposed meaning of the 
traits. Moreover this tendency is accen- 
tuated by closeness of acquaintanceship. 
The better we know a person, the more 
crystallised or set becomes our attitude to 
him, whether favourable or unfavourable, 
and the less are we able to assess his 
behaviour impartially, on its own merits. 
The interviewer, or the observer of group 
exercises, thus has a certain advantage 
in coming fresh, as it were, to each 
candidate. 


THE STRUCTURE OF PERSONALITY 


Here we must venture for a little into 
the jungle of personality theory. I hope 
that we shall emerge better equipped to 
understand the difficulties of assessing per- 
sonality either by methods involving sub- 
jective judgments or by objective tests. It 
would, I think, be admitted by most 
psychologists that every child is born with 
strong drives or needs which are sometimes 
gratified and encouraged, sometimes frus- 
trated or opposed, by the adults who look 
after him, and by the other forces in his 
physical and social environment. His 
genetic constitution also includes various 
factors of physique and health, and char- 
acteristics of his nervous system and 
endocrine glands, which underlie his tem- 
peramental traits, for example his placidity 
or excitability, and his abilities. However, 
tis doubtful whether we can ever observe 

innate temperament directly, since 
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even in earliest infancy it is influenced and 
conditioned by the parents’ or nurses’ 
handling, the feeding and sleeping routine, 
etc. Through the interactions of this 
growing organism with its environment, 
an integrated psychological structure is 
built up which includes the conscious 
sentiments, interests and habits (as de- 
scribed by McDougall), and the uncon- 
scious ‘ mechanisms’ or complexes of the 
psychoanalyst. All the motives and past 
experiences which determine the child’s or 
adult’s behaviour in any situation are 
parts of this exceedingly complex, yet 
relatively stable, structure that we call his 
personality. One may or may not accept 
the details of psychoanalytic theory, but one 
must agree that considerable progress in 
disentangling the fundamental principles 
of personality dynamics has been achieved, 
notably through the researches of medical 
and of experimental depth psychologists. 
I have not the time to refer to more than 
three of these principles. First, it is clear 
that many of the links and ganglia in 
personality structure are repressed into the 
unconscious mind. This can be proved 
experimentally by scientific research such 
as that of Luria. Hence behaviour is 
often inexplicable at the conscious, rational 
level, and this is one reason why we can 
never reach any certainty in tracing out a 
person’s motives. Secondly, Allport has 
pointed out that fresh mechanisms and 
interests continue to develop during a 
man’s lifetime, and to become self- 
supporting or functionally autonomous. 
Although I agree with Angyal that per- 
sonality structure, like a musical composi- 
tion, is a Gestalt in time, yet I see no 
justification for the view that the motive 
forces of behaviour invariably trace back 
to innate instincts, or to Freudian com- 
plexes which are fixed during the pre- 
school years. Indeed one of the reasons 
for the poor validity of psychologists’ and 
psychiatrists’ interview judgments may be 
that they concentrate overmuch on study- 
ing personality longitudinally and historic- 
ally. A third principle, arising from the 
field theory approach of Lewin and others, 
is that personality structure comprises 
more than the individual himself. It is 
intimately linked with his social environ- 
ment, and capable of considerable restruc- 
turing in new environments. Thus it is 
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possible for a child to display remarkably 
different personal characteristics at home, 
in school classes under different teachers, 
or among his friends, and so forth. Recent 
research on leadership, for example, has 
shown that this quality is not, as it were, a 
fixed property of the individual, but 
varies according to the kind of group of 
which he is a member and the activities in 
which the group is engaged. Of course 
this is a matter of degree. The layman as 
well as the applied psychologist normally 
assumes that each individual does possess 
consistent and distinct traits, attitudes and 
interests, in almost any social context. 
Social life could not go on as it does if this 
assumption was quite unjustified. But the 
low correlations between different inter- 
viewers or different raters are certainly in 
part attributable to such variations in the 
individual himself, in part to vagaries of 
judgment. 


PERSONALITY TRAITS 


Now a personality trait or quality is an 
abstraction from this complex structure. 
I prefer to regard it as a descriptive term, 
a classification of certain persistent features 
of peoples’ behaviour, rather than—like 
Allport—as explanatory. Any particular 
piece of behaviour in fact depends on such 
a multiplicity of factors in the personality 
structure and the environment that no-one 
reacts in accordance with a trait all the 
time. Nevertheless it is clear that some 
people behave more markedly or more fre- 
quently than others do in a manner that 
most of us would call sociable, or honest, 
and so forth ; and that is what I mean if 
I say that such people are high in the 
traits of sociability or honesty. ‘There are, 
of course, thousands of trait-names for 
describing personal behaviour. But these 
overlap so much that we can reasonably 
hope to classify them under a few major 
dimensions, by means of factorial and 
taxonomic researches like those of Cattell 
and Eysenck. 

But we are not at the end of our diffi- 
culties. How are we to tell which people 
are, say, persistently sociable or unso- 
ciable? Traits are usually rather vague and 
ambiguous in meaning ; they are not ob- 
jective like height and weight, in measur- 
ing which any two observers would arrive 
at practically the same result. Mechanical 


ability, arithmetical attainment and th 
like also comprise certain types of by. 
haviour which can be fairly readily re. 
cognised and agreed upon by differen; 
observers (though even here the notorioys 
unreliability of examinations shows that 
their objectivity is limited). Sociability, 
honesty, aggressiveness and so on are stl 
more equivocal. Behaviour which one 
person interprets as aggressive might be 
called adventurous by another, or lime. 
light exhibitionism by a third. In fact, 
assigning a trait to an individual inevit. 
ably involves subjective interpretation. A 
purely factual description of behaviour 
does not give us the personality ; we have 
to infer or intuit the motives and feelings 
behind it, and integrate what we see into 
a picture of the total personality structure, 
before we can describe a person’s traits, 
Such subjective interpretation is affected 
by the viewpoint, the values and other 
personal characteristics of the observer 
himself. For example, a Victorian parent 
observes naughty actions in a child, and 
attributes them to a trait of rebelliousness, 
where a progressive parent either notices 
nothing, or regards similar actions as a 
sign of the child’s initiative. Again a 
Freudian and a Jungian analyst arrive at 
very different interpretations of the struc- 
ture of similar neurotic personalities. We 
cannot say that one is right, the other 
wrong ; the personality is partly a func- 
tion of the interpreter as well as of the 
person interpreted. Though the layman 
may not be aware of it, he too, like the 
psychoanalyst, sees people through the 
distorting spectacles of his own theories of 
personality. During his lifetime, his intro- 
spections about himself, his observations 
of others, and the books or newspapers he 
reads and cinema films or plays that he 
sees, all help to build up in him a set of 
conceptions of personality mechanisms, of 
the content of personality traits, and 4 
number of stereotypes or stock personali- 
ties. Each new acquaintance that he 
meets tends to be fitted into one or other 
of these pigeon-holes, and behaviour which 
fails to conform is often not noticed of 
misinterpreted. A fruitful line of study, 
which few but Dr. A. F. Watts have begun 
to explore, is the interplay between our 
linguistic education and our conceptions 
of people. 
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SuBJECTIVE AND OBJECTIVE METHODS OF 
ASSESSMENT 
This all sounds very complicated, but 
it is just because it is so complicated that 
mankind has made so little progress in 
understanding, assessing and controlling 
human beings. It is hardly surprising that 
diferent interviewers or raters often dis- 
agree so markedly. A’s impression of B’s 
rsonality is never based solely on im- 
rtial observations of B’s behaviour in a 
wide variety of situations. It is always 
aflected both by A’s stereotypes or ideas 
about people, and by the emotional 
reactions aroused during the interaction 
of B’s personality with his own. On the 
one hand, B actually reacts differently and 
shows a different personality to every A 
he meets. On the other hand, A is very 
apt to jump to conclusions on superficial 
evidence and to over-simplify B’s struc- 
ture. As he gets to know B better, his 
impression of him certainly develops, but 
it also becomes more rigid, more bound 
up with an emotional attitude or senti- 
ment, and B’s own behaviour in relation 
to him becomes more crystallised. Thus 
when A is asked to give judgments of B’s 
traits, his ratings derive from a whole host 
of more or less unanalysed recollections 
and inferences and emotional responses, 
which have been integrated into this senti- 
ment. He may state that A is very honest, 
or very unsociable, because of such-and- 
such behaviour, but these reasons consist 
largely of what the psychoanalyst would 
call rationalisations. 
_ The clinical psychologist or psychiatrist 
ismore aware than the layman both of the 
complexities of personality structure and 
of the need for caution and suspended 
judgment in interpreting the personalities 
he is attempting to diagnose. But he is 
deluding himself if he thinks that the full 
case-study which he _ produces after 
intensive observation and interview is 
necessarily more objective than the un- 
sophisticated layman’s picture. Often he 
8 more ridden by preconceived stereo- 
types and theories, and the deeper he 
penetrates the more he may fail to see the 
wood for the trees, the more biased he may 
come. Some psychologists, therefore, 
such as Dr. Eysenck, conclude that this 
clinical or ‘ idiographic ’ approach should 
give way to the psychometric or ‘ nomo- 
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thetic’ approach based on_ objective 
personality tests. But this too has serious 
weaknesses. We have seen that behaviour 
which is symptomatic of personality varies 
greatly with the situation, and an impor- 
tant part of the situation is the attitude of 
the subject being tested. Thus we find 
that tests which work well with one group 
of subjects often fail to do so with another 
group which is differently motivated, or 
which is suspicious of the tester. The 
psychologist’s tests, it should be realised, 
are not miraculous instruments for reveal- 
ing things which could not be discovered 
by any other means. They are merely 
samples of behaviour obtained under 
specified conditions (including not only 
overt actions but also verbal responses and 
autonomic or other physiological reactions 
as kinds of behaviour). It is essential 
therefore to include a wide variety of 
behaviour samples in any attempt to assess 
personality or measure personality traits, 
to discard the samples which are too trivial 
or too unrepresentative, and to combine 
only those which can be proved valid, 
either by correlation with some external 
criterion (e.g. success in an occupation), 
or by the internal evidence provided by 
factor analysis. This can be, and has 
been, done in a number of researches such 
as Hartshorne and May’s, Eysenck’s and 
Cattell’s. But it is not easy, and, as I 
have already indicated, it is scarcely 
possible in everyday guidance and selec- 
tion, as distinct from experimental inves- 
tigations. Nevertheless such work has been 
carried to the stage where we do possess 
a number of useful and relatively objective 
methods which could be given with a view 
to supplementing, checking and correcting 
the vagaries of more subjective methods 
like the interview. 


OBJECTIVE PERSONALITY ‘TESTS 


Physical and physiological tests are not 
very promising. Sheldon’s somatotypes 
are worth recording, but their validity as 
indicators of personality traits is far lower 
than he claimed. Measures of pulse, blood 
pressure, and biochemical functions appear 
to vary tremendously from day to day, 
and their significance, together with that 
of the psychogalvanic reflex, is still un- 
certain. The electroencephalograph too 
has proved disappointing, except in the 
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diagnosis of epilepsy. However, the body 
sway test, as developed by Eysenck, 
generally works well, at least with adults. 
The extent to which a person sways when 
standing with his eyes closed, especially 
when subjected to repeated suggestions 
that he is falling, correlates moderately 
with the trait of emotional instability or 
neuroticism. 

Followers of Professor Spearman have 
done much work with simple tests of per- 
severation or rigidity vs. flexibility, of 
variability or oscillation, and of fluency or 
richness of association (p, 0 and f factors). 
Such tests tend to be highly unreliable and 
specific ; the person who fluctuates a lot 
at one task is not necessarily variable at 
others. And they are obviously too trivial, 
and too dependent on the subject’s atti- 
tudes to constitute good samples of per- 
sonal behaviour. C. A. Rogers, a student 
in my Department, has recently found 
written fluency tests to depend almost 
wholly on intelligence and verbal ability ; 
that is, they are unrelated to personality 
in normal children. However, measures 
of fluency of speech did show some con- 
nection with extraverted traits. The so- 
called Will-Tempcrament tests of June 
Downey are equally artificial, and I have 
yet to see any good evidence that objective 
tests of Level of Aspiration indicate the 
manner in which a person’s self-esteem 
operates in his real-life behaviour. Small 
group differences do not prove their value 
for individual diagnosis. 

It is perfectly possible to adapt more 
realistic or natural situations in studying 
personality. For example, useful tests of 
persistence have been based on the time 
a subject will sit with one foot raised an 
inch above the seat of another chair, how 
long he will go on trying at some difficult 
verbal or manipulative problem, etc. In 
their investigations of honesty, unselfish- 
ness, persistence and self-control, Harts- 
horne and May devised numerous very 
ingenious tests of this type, which pro- 
vided genuine samples of the traits. Inci- 
dentally they showed how poorly teachers’ 
ratings of the same traits correlated with 
the objective measures. Among younger 
children who can be observed for long 
periods, say in a nursery school, the so- 
called time-sampling of recording actual 
instances of specified types of behaviour 


yields an even more direct approach 1 
trait measurement. But this could hardly 
be used for guidance or selection purposes 


INDIRECT TESTs 


A fundamental difficulty of objective 
testing is that anyone who knows that his 
personality is under test is unlikely t 
behave very naturally. Thus I agree with 
Professor Burt that indirect approaches 
are more promising. If the subject sup. 
poses that his ability or skill is being 
measured, then he may reveal important 
traits in his manner or reacting. For 
instance, a child who is taking a Binet ora 
performance test often displays his per. 
sistence, excitability, and so on. The 
tester must, of course, use his subjective 
judgment in assessing such traits, and heis 
liable to jump to conclusions on very 
slight evidence. However, more objective 
indices of personality traits can be de. 
rived in such tests as Culpin and Smith’s 
dotting machine, Cattell’s C.M.S. test, the 
Porteus Maze Q score, the Rey-Davis 
learning test, Mira’s myokinetic diagnosis, 
and various ‘stress’ tests developed in 
America. Still more useful ones might 
be constructed. We need some machine 
which will set the subject an intriguing, 
but difficult and frustrating task, which 
will also record in easily measurable form 
the steadiness and persistence of his 
attack, his preference for speed or accuracy, 
the extent of breakdown under stress, and 
his capacity to recover after breakdown. 
It may be useful to combine this with 
measures of internal tension, such as the 
psychogalvanic reflex or the Luria appa- 
ratus. One cannot, of course, guarantee 
that subjects, particularly adults, will 
react to such a task in the presence of a 
psychologist as they would to provoking 
situations in everyday life ; but there isa 
good deal of favourable evidence. 

A number of other types of spontaneous 
movement—gestures, voice and style of 
speech, and handwriting—are to some 
extent expressive of personality, though 
they are untrustworthy because of their de- 
pendence on subjective interpretation by 
an observer, or a graphologist. However, 
certain characteristics of handwriting pres- 
sure seem to be diagnostic, and these can 
be objectively recorded. Various measures 
of speech have also shown promise, for 
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example the Verb/Adjective ratio, though 
the recording and analysis of these is 
probably too elaborate for everyday use. 


Group OBSERVATIONAL METHODS 


This brings us to the group exercises— 
the ‘ house-party method— introduced 
by War Office Selection Boards, and 
widely adopted nowadays for selecting 
higher civil servants, industrial executives, 
ministers, teachers and youth leaders, and 
even secondary grammar school pupils. 
Ithas the merit of being highly acceptable 
both to selectors and candidates, and it 
clearly provides a broader basis for judg- 
ment than does the typical selection inter- 
view. I have been able to show that the 
predictions made after two days’ testing, 
observing and interviewing at Civil Service 
Selection Boards correlate almost as 
highly with satisfactory performance in 
the Civil Service two years later as do 
judgments made by supervisors on the 
basis of more casual observation of the 
whole of the first year’s work in the service. 
But it should be pointed out that these 
successful predictions were made by an 
unusually experienced and stable staff, 
hence it does not follow that an ad hoc 
board of observers and interviewers, using 
any old adaptation of group methods, 
would be equally good. ‘There is not yet 
in fact adequate validation of the abbre- 
viated procedures introduced, on grounds 
of economy, into the Army and Civil 
Service, nor of the other applications 
mentioned above. Group exercises are 
not, of course, objective tests; nothing 
ismeasured ; hence their value is entirely 
dependent on the skill and impartiality of 
the particular observer. One of the 
alleged advantages is that people are 
observed interacting in a group, not as 
isolated individuals. But this makes for 
much greater complexity and difficulties 
of interpretation. Moreover, it is likely 
that an individual’s behaviour will vary 
to some extent according to the nature of 
the particular group to which he is 
assigned. Finally, it is obvious that candi- 
dates realise they are under test. Even 
though they are nominally engaged on 
some practical task such as moving an 
object over a, wall, or working out a 
problem in committee, each one is doubt- 
less trying to display what he conceives to 
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be a ‘ good’ personality. How far their 
normal characteristics can be masked by 
such acting is not known. I would con- 
clude then that group exercises provide a 
useful extension of interviewing, but that 
they certainly do not meet our need for 
scientific methods of personality assessment. 


PROJECTION TESTS 


Much the same conclusion holds for 
what are known as projection techniques. 
These have shown a fungus-like growth 
in recent years. The underlying idea is 
that an individual expresses his personality 
in everything he does, but especially in 
his creative and imaginative activities, in 
his associations to words or inkblots, in his 
literary or artistic productions, or in play. 
As a clinical tool for revealing, as it were, 
sore spots in personality, Jung’s word 
association method has done useful ser- 
vice. The drawings and paintings, and 
the free play, of maladjusted children are 
of value both in diagnosis and treatment. 
There is ample evidence, too, that 
Thematic Apperception and Rorschach 
inkblots can help in the differential 
diagnosis of abnormal personalities. But 
these techniques have failed signally to 
prove their warth in educational and 
vocational selection and guidance. For 
example, there is no evidence that the 
Thematic Apperception pictures used in 
War Office and Civil Service Selection 
Boards ever contributed any worthwhile 
information. Apparently they reveal the 
facets of personality structure which are 
of interest to the clinical psychologist, but 
not the overt trends that determine prac- 
tical adjustments in daily life. Moreover, 
they are essentially subjective and de- 
pendent on the training, skill and insight 
of the tester, although fair reliability of 
scoring and even of interpretation have 
been demonstrated in the case of the 
Rorschach. Numerous unsuccessful at- 
tempts have been made to render them 
more objective, so that they might provide 
measurements of important traits. The 
Kent-Rosanoff technique of scoring word 
associations, also the mean association 
reaction time or psychogalvanic response, 
have no clear significance. Munroe’s 
inspection technique of scoring group 
Rorschach looked promising, but has not 
stood up to later research. Some of the 
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adaptations of the Pressey Cross-Out 
technique and Maller Word-Connection 
test do yield scores which correlate suffi- ° 
ciently with other measures of emotional 
instability or of immaturity to be worth 
using. Perhaps the most fruitful of the 
techniques is the group Sentence Comple- 
tion test, where the subjects write short 
phrases associated with such stimuli as : 


I want toknow ... 
My father .. . 
I failed ... 


Though faking is obviously possible, most 
subjects do reveal a wealth of emotionally 
toned material ; and a very simple scoring 
of the ratio of unpleasant to pleasant ideas 
gives good correlations with maladjust- 
ment. 


PERSONALITY QUESTIONNAIRES 


The most practicable method for large- 
scale application is, of course, the paper- 
and-pencil test. In this field there have 
been very considerable advances, and a 
number of useful questionnaire tests have 
been devised for adults of above-average 
intelligence. Their value among average 
or dull adults, and among children, is less 
certain. The main difficulty about de- 
veloping them in this country is the 
shortage of psychologists to carry out the 
vast amount of work that they entail. 
Direct questions dealing with the types of 
job, the leisure pursuits, etc., in which 
people are interested, or with their atti- 
tudes to controversial topics and issues, 
are often used ; and a great deal is known 
about the techniques of formulating suit- 
able questions, item analysis and test con- 
struction. But in addition to the obvious 
dangers of faking if they are applied in any 
competitive situation, there is the snag 
that people interpret the instructions and 
questions so diversely. Some state that 
they like far larger numbers of items than 
others do, some are much more extreme, 
others more cautious, in their opinions. 
These so-called ‘ response-sets’ greatly 
distort the results of most questionnaires. 
Personality inventories of the Woodworth, 
Thurstone and Bernreuter variety, which 
assess a subject’s emotionality or intro- 
version by the numbers of neurotic or 
other answers that he accepts, are hope- 
lessly misleading. They are far too much 
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affected by the attitude of the subject, his 
suggestibility, co-operation or suspicious. 
ness. They consist, in essence, of a series 
of self-ratings, and self-ratings suffer jp 
an exaggerated form from all the weak. 
nesses that I have pointed out in connec. 
tion with ratings by others. As a general 
rule therefore it is unwise to take any 
questionnaire answers at their face value, 
Scoring should be empirically derived 
by comparing the responses of clearly de. 
fined groups. For example, the Strong 
Vocational Interest Blank yields scores 
for interest in Accounting, Architecture, 
Psychology, etc., not by counting the 
items which look as if they were related 
to these careers, but from those items 
which are in fact ticked by large groups 
of accountants, psychologists, etc. The 
subject’s interest scores are based on the 
resemblance of his pattern of likes and 
dislikes to those of members of any occupa- 
tion. Similarly the Minnesota Multi- 
phasic Personality Inventory is scored by 
the items which paranoiacs, hysterics, 
depressives, etc., actually choose. In the 
U.S. Army Air Force, much the most 
successful personality test was the multiple- 
choice biographical inventory, whose 
items had been proved to differentiate 
pilots who qualified from others who 
failed their training. Some of the better 
questionnaires also show great ingenuity 
in disguising their questions, or in intro- 
ducing checks to defeat the faker or mal- 
ingerer. But an even more far-reaching 
device is being exploited nowadays—the 
forced-choice question. Here is a sample 
item quoted by L. V. Gordon : 


Tick the statement that applies most 
accurately to yourself, and put a cross by 
the one that is least like you. 

(a) A good mixer, socially. 

(b) Gives in readily to other people's 
wishes. 

(c) Thorough in any work undertaken. 

(d) Worries about possible misfortunes. 


Two of the answers, presumably (a) and 
(c), are high in popularity, the other two 
relatively low ; and it has been proved 
that people just about as often choose (4) 
as (c), and just about as often reject (0) 
as (d). But, unknown to the subjects, one 
answer in each of these two pairs has 
been found to discriminate well between 
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subjects with desirable and undesirable 

rsonality traits, whereas the other differ- 
entiates poorly. I do not know which 
these answers are myself ; thus I could not 
make myself out to have a desirable per- 
gnality on this item. Nevertheless if I do 
happen to prefer the right answers, there 
is good evidence that my score will cor- 
relate with an external criterion of per- 
snality. No doubt this kind of question 
is rather irritating to the subjects, but it 
does work. The main difficulty with 
empirically - validated questionnaires is 
that very large numbers of people must 
be tested if reliable scoring keys are to be 
built up. 

Another useful variety of paper-and- 
pencil test is the information tests of 
interests. Short tests of information about 
everyday mechanical and electrical mat- 
ters were applied in the Services during 
the war, and are still used, for selecting 
recruits for mechanical employments. 
Doubtless they depend partly on previous 
training and achievement, but they do also 
involve interest. They could readily be 
extended to other types of vocation. Peel 
and Lambert have devised a combination 
of preference + information test which 
can be applied in selecting eleven-year- 
olds for technical education. 


Maxkinc Use OF ACQUAINTANCES’ 
JUDGMENTS 


Now though I have stressed the defects 
of ratings, and given ample reasons for 
their untrustworthiness, it is still true that 
in most guidance and selection situations 
one would like to make use of the know- 
ledge that acquaintances possess about a 
candidate. Carefully collected ratings are, 
in fact, usually more valid than any single 
objective personality test, and they have 
the enormous advantage that they do 
not depend on the candidates submitting 
themselves to test, or on their co-operative- 
hess) They do not even take up any of 
the candidates’ time, though instead they 
demand a lot of paper work from the 
taters or testimonial writers. Good ratings, 
however, are generally obtainable only in 
experimental investigations where all the 
subjects are known to a few raters, who 
can be trained and supervised in filling 
in the rating scales. It is a very differ- 
ent matter in vocational work where 
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judgments about each individual are 
requested from different sets of acquaint- 
ances, who cannot be supervised, or 
in education where numerous primary 
schools put up pupils for each grammar 
school. Largely at the behest of psycho- 
logists, most Education Authorities now- 
adays get primary schools to include 
personality ratings on their pupil record 
cards, and these are often consulted at the 
11-year selection stage, or passed on to the 
secondary schools to guide the future 
teachers. I am afraid I have entirely lost 
faith in such ratings. Even if the primary 
teachers could be trained to attach a 
uniform meaning to the traits that are 
listed, and to judge from objective obser- 
vation rather than from general impres- 
sion, there would still be so much variation 
in standards between raters in different 
schools that it is almost impossible to 
interpret the assessments. Valentine’s 
quota system provides one useful method 
of bringing the schools’ judgments of 
general suitability to a common standard. 
But its accuracy is limited, and it cannot 
help with traits unrelated to intelligence. 
The forced-choice technique has been 
found useful in reducing variations be- 
tween C.O.s’ ratings of American army 
officers ; that is, the raters tick the state- 
ments that apply to the person they are 
rating, these statements having been 
chosen to be of equal popularity or halo- 
value but of different discriminatory value. 
I can imagine an extremely useful inven- 
tory along these lines for 11-year selection 
in Britain. It would contain some items 
filled in by the pupils about their own 
interests, and about the traits of their 
fellows, and other items answered by the 
parents, but would consist mainly of per- 
sonality descriptions checked by the 
primary teachers. Each item would be 
validated against later success or failure 
at one or more types of grammar and 
technical schools, so that the inventory 
would be scored by two or more empiric- 
ally-derived keys. As usual the trouble 
would be getting people to do the work 
of construction and validation. Another 
promising line of progress is suggested by 
the Vineland Social Maturity Scale, 
which is filled in by the educational 
psychologist on the basis of information 
supplied by parents or acquaintances. In 
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default of such relatively objective instru- 
ments, I would suggest that primary 
school judgments could best be expressed 
in the form of a guided personality sketch, 
not in ratings at all. This would be 
written in the teacher’s own words, but a 
guide prepared by the educational psycho- 
logist would suggest the kind of behaviour 
to observe and the main points to cover. 
Similar sketches written by secondary 
teachers would be more useful to Youth 
Employment Officers giving vocational 
guidance to school-leavers than would 
personality ratings. We all know the 
defects of ordinary testimonials ; indeed 
they provide useful confirmation of my 
view that it is impossible to reach any cer- 
tainty about an individual’s personality. 
But they can be improved. For example, 
in Civil Service selection the testimonials 
evoked from acquaintances by rather 
detailed questions have proved of con- 
siderable help to the selectors. 


CONCLUSION 


To conclude then : the problem of per- 
sonality assessment is perhaps the most 
difficult in all psychology, but there is no 
need to be completely pessimistic. Much 
of the spadework has been done, so that 
we are now in a position to conduct fruit- 
ful research in the innumerable fields 
where personality differences are a vital 
factor. And although very few instru- 
ments are ready to hand in this country, 
it is mainly a matter of time and hard 
work before the trained educational, 


vocational or clinical psychologist migh 
be provided with a battery of relatively 
objective instruments. These could ly 
used in individual diagnosis and in large. 
scale selection work in a much mor 
scientific manner than observation and 
interviewing are used at the moment.! 
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THE ANATOMY OF METABOLISM IN HIGHER 
PLANTS : TOTAL METABOLISM, METABOLIC 
PROCESSES AND PARTIAL REACTIONS 


Address by 


Pror. MEIRION THOMAS, F.R.S. 
PRESIDENT OF SECTION K 


Wuar is it made of ? How has it become 
what itis? What is happening in it now ? 
How will past and present events influence 
the future of the individual and the race 
to which it belongs? Asked of living 
things, these and similar questions invite 
anatomical thought in terms of physico- 
chemical as well as biological concepts. 
Botanists define the developmental prob- 
lems and with increasing precision as the 
edge of analytical methods sharpens. 
Physicists and chemists become _indis- 
pensable later when the analysed parts 
have been sorted out. The synthetic 
attack on the defined problem can then 
be launched. 

The axiom is that transformations of 
matter and energy lie at the root of 
all biological events. Specific to every 
organism, or a component celiular part, is 
its total metabolism. The physiologist 
accepts this concept, and abstracts from it 
metabolic processes for special study. 
Categories are very mixed in the chapter 
headings : Photosynthesis ; Respiration ; 
Acid, Nitrogen or Fat Metabolism, and 
so forth. Respiration is a_ traditional 
term for the absorption of oxygen and a 
related production of carbon dioxide by a 
living organ. The gaseous exchange may 
be an external manifestation of an integral 
internal process, having a definite be- 
ginning and end. Current researches 
(p. 235) bear on questions concerning the 
beginning of the process and the integra- 
tion of events. The outcome of these re- 
searches will determine whether or not 
the traditional term will survive as some- 
thing more than a counter with which to 
reckon. Photosynthesis as a term is in a 


similar case. When analysis and synthesis 
can proceed no further, the term may still 
retain a biological meaning. The crucial 
point may turn out to be that action is or 
is not attributable to organisation (thanks 
be for deliverance by an esoteric word !) 
within a visible or invisible cell structure. 
The known facts about certain other 
processes (e.g. the specialised phenomenon 
known as crassulacean acid metabolism) 
point to the possibility of direction by 
organised enzyme complexes. However, 
the abstractions from total metabolism 
implied in many chapter headings in 
current use are plainly made for classi- 
ficatory convenience. They are artificial 
and not natural. 

In the middle of the twentieth century 
we must admit that analysis of total meta- 
bolism into component fractional processes 
that still retain their characteristic pattern 
has not proceeded very far. Worthy pro- 
gress may, however, be claimed for the 
study of the ultimate fragments of which 
abstracted metabolic processes and, con- 
sequently, total metabolism are composed. 
These fragments (‘ parts in one stupen- 
dous whole’) are the partial reactions, 
the physicochemical realities. With the 
achievement of a correct synthesis from 
biochemical knowledge about partial reac- 
tions the pattern of a metabolic process 
would emerge. Ideally, analysis and 
synthesis would meet in the abstracted 
process, and we would see in the whole the 
harmonious working of the parts, relating 
functional actions, whether single events 
or blocks of events in a process, to the 
maintenance of individuals or the per- 
petuation of a race. 
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Ponderous tones may be heard again 
in the arguments, reasoned, I hope, but 
not profound, which I shall develop in 
chapters on total and intermediate meta- 
bolism. Then I shall come down to 
brass tacks. What we require are well 
authenticated facts placed in their setting. 
I shall outline some of the methods used 
in fact finding, pointing out limitations 
in the value of evidence so gained. 
Finally, for three aspects of carbohydrate 
catabolism in higher plants I shall sketch 
for each abstracted process what appears 
at present to be the emerging pattern. 
Much is still conjectural, especially about 
higher plants. On each fabric there are 
blurred patches between clearly marked 
threads. I shall endeavour, by brief 
reference to a limited amount of modern 
work, to indicate what is being done to 
trace forms in the patches and to bring 
the threads together. I know that my 
accounts are not quite up to date. I shall 
dare to report unpublished work (New- 
castle provenance, 1930’s), and to make 
more of my own interests than of those 
of others. 


To observations which ourselves we make, 
We grow more partial for th’ observer’s 
sake. 


The abrupt ending of this Address will 
symbolise my firm conviction that nothing 
is rounded off yet. 


THe ToTraL METABOLISM OF A 
GROWING PLANT 


Water culture or sand culture experi- 
ments can determine the minimum ex- 
ternal requirements in matter and energy 
for plant growth. Chemical analysis, 
coupled with knowledge of anatomy and 
cytology, resolves the nature of the meta- 
bolic products present at successive times 
in the nucleus, cytoplasmic structures, 
cell walls and vacuoles of the tissues 
composing a growing plant. The exact 
chemical description of a plant at a time 
T demands not only the identification 
of the molecules present, but also the 
localisation of these molecules. 

A complete statement about total 
metabolism between two times T, and T, 
would require knowledge of changes in 
the chemical composition of all the 
distinct parts to which morphologists, 


anatomists and cytologists have give, 
names, and also of the related changes jy 
the composition of the environment. 

The metabolic products have beep 
classified in various ways. Interest may 
attach to their possible functions. Thy 
enzymic proteins and some non-enzymic 
proteins, lipoids, sterols, nucleic acid and 
all the coenzymes produced between T, 
and T, are components of the proto. 
plasmic machinery. Cell-wall substance 
form a structural group. Food sub. 
stances immediately available or a 
storage products, hormones, and _ other 
substances which contribute to internal 
economy may be regarded as of physio. 
logical significance. Substances affecting 
external relations can be grouped together 
as of ecological significance. Thus nectar 
substances, pigments and perfumes may 
promote insect pollination. A_ dermal 
covering of wax might ensure the survival 
of a plant under arid conditions. 

A large number of cell components are 
intermediate anabolites and catabolites, 
some of which may accumulate only in 
traces. Some accumulating substances 
may have no functional value. If they 
are not lethal the cell would survive the 
side reactions by which they are produced. 

Even when a metabolic product has a 
clear functional value at T, we do not 
attribute its ontogenetic production to a 
purposeful cause, but to the interaction 
of the molecules present at T,, and of 
those absorbed between T, and T,, with 
the molecules of a metabolising system 
bearing a certain racial inheritance. 
However, we could argue that the chances 
of survival of a certain inherited pattern 
are enhanced commensurably with the 
number of partial reactions which have a 
favourable influence during ontogeny. 
The arguments could be extended to the 
point of attributing morphological adapta- 
tions to environment to favourable quali- 
tative and quantitative changes brought 
about in partial reactions by mutations 
in the inherited metabolising systems. 
These great matters are too high for 
me. 

We are on solid ground in making 4 
classification of metabolic products on a 
chemical basis. The elucidation of meta- 
bolic processes is dependent on knowledge 
gained by organic chemists of the mole- 
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cular structure of the substances occupy- 
ing a certain position and performing a 
certain function, or doing no harm, in a 
plant at a given time. Names such as 
starch, cellulose, lignin, albumen, oil, 
esential oil, chlorophyll, had been given 
to plant products long before their 
chemical structure was _ investigated. 
Chemical resemblances and differences 
are not self-evident, but, thanks to the 
brilliant achievements of organic chemists, 
we can now put forward sensible hypo- 
theses about possible sequences in the 
formation of metabolic products. We no 
longer attribute the appearance of autumn 
coloration in leaves to the conversion of a 
green into a red substance. In its mole- 
cular structure chlorophyll, as a mag- 
nesium porphyrin derivative, is utterly 
different from the glycosides of phenyl 
y-benzopyryliums, i.e. anthocyanins as a 
clas. Nor do we accept the authority 
of the Shorter Oxford English Dictionary 
(1933 Edition) that etiolin is a yellow 
modification of chlorophyll found in 
plants growing in the dark. Positive 
assertions can now be made abundantly. 
We can maintain that, since starch and 
cellulose are carbohydrates there are some 
features in common about the anabolic 
reactions by which a food on the one hand 
and a cell-wall substance on the other are 
produced by plants, but quite a different 
set of reactions must be involved when 
lignin (a benzene derivative) is laid down 
in cell walls. The argument can be de- 
veloped along obvious lines. ‘There are 
common types of reactions in the forma- 
tion of all proteins, whether protoplasmic 
or food, and of all fatty oils, whether 
physiologically important as food re- 
serves or serving an ecological function 
in a feeding tissue such as the flesh of an 
olive fruit. Among the essential oils are 
terpenes which, as isoprenoid compounds, 
can be classified with substances of very 
different functions, the carotinoids, phytol, 
sterols, and sapogenins. Conceivably all 
of these isoprenoid compounds could be 
produced by condensation of C, and C, 
fragments of glycolytic cleavage of sugars 
(see legend to fig. 1), by different com- 
binations of reactions having certain 
features in common. 

There is little doubt that eventually 
such metabolic powers of living cells as 
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are displayed in partial reactions will all 
be described in terms precisely defined by 
chemists. 

I have heard it said by an eminent 
chemist that the mechanism of metabolic 
sequences will not be really unravelled 
until each partial reaction in a sequence 
is carried out in vitro with a purified 
enzymic protein and its substrate, and 
such coenzymes and co-factors as may be 
required, as the sole components of the 
reaction mixture. This statement is true 
for each partial reaction considered in 
isolation ; but the elucidation of total 
metabolism in the cell at any time will 
require the ravelling anew of the partial 
reactions into the pattern inherent in the 
cell at that time. The reactivity of the 
whole cell is the resultant of the inte- 
grated activities of its enzymic com- 
ponents in a manner characteristic of the 
race to which the plant belongs. For any 
cell the reactions would have to be 
assembled collectively in a specific way to 
reconstitute the metabolising whole. I 
think we must admit that such a physical 
reconstitution is beyond our _ present 
powers. In less austere times I might 
have demonstrated this point of view by 
smashing an egg and reciting ‘ Humpty- 
Dumpty.’ Mental reconstitution is our 
present aim. Permutations and combina- 
tions of similar metabolic powers would 
lead to qualitative as well as quantitative 
differences in total metabolism. There 
are different kinds of eggs. 

As knowledge increases the border line 
between the disciplines of organic chem- 
istry and biochemistry becomes less well- 
marked ; but it is still a defensible assertion 
that all reactions requiring as one of the re- 
actants a cell substance not yet synthesised 
by the chemist should be regarded as still 
outside the domain of organic chemistry. 
Enzymic proteins in existing organisms, 
evolved through the ages, are metabolic 

products formed during ontogeny in each 
succeeding generation, generally as fit to 
survive in the struggle for existence, cer- 
tainly as not unfit, in the balance of 
chemical events under natural conditions. 
Chemists move in the direction of synthe- 
sising substances that in point of structure 
and size of molecule merit the name of 
protein ; but they have not yet synthesised 
a native protein of any kind, enzymic or 
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non-enzymic. Were they to succeed in do- 
ing so, it would be their greatest triumph. 
This is saying a great deal, for their recent 
achievements have been vast indeed. For 
the present we may regard the study of 
enzymic reactions in vitro as biochemical 
rather than purely chemical. 

We should remember, however, that 
products of certain enzymic reactions may, 
in vivo or in vitro, undergo transformations 
that are independent of the presence of 
enzymes, but I can think of no spon- 
taneous chemical change in a cell which 
does not occur at the expense of a 
metabolic product. All substances found 
in a plant at a time T are products of 
evolutionary processes (whatever these 
may have been) since those remote ages 
when such ancestral forms of present-day 
partial reactions as have been pictured by 
Professor J. D. Bernal (1951) were acquir- 
ing potential organismic significance. 


STATEMENT OF PROBLEMS OF INTERMEDIATE 
METABOLISM 


For the complete description in chemical 
terms of enzymic reactions and such non- 
enzymic reactions as may occur between 
two times T, and T, there are certain 
obvious requirements. We must seek 
(a) to ascertain what intermediate meta- 
bolites accumulate and what transitory 
substances are produced when known 
initial metabolites (A,, As, Ag, etc.) are 
converted into arbitrarily defined anabolic 
and catabolic end-products (Z,, Z,, Zs, 
etc.), (b) to place these intermediate 
metabolites (B’s to Y’s inclusive) in their 
proper sequence, (c) to discern the types 
of chemical reaction by which protoplasm 
effects each partial reaction in the 
sequence, and (d) to separate from pro- 
toplasm the enzymic systems (e,, , €,; 
etc.) specific for each reaction, to study 
their properties in vitro, and to obtain 
evidence of possible linkages between 
different systems. 

If we choose, we may regard the A class 
of substances as the carbon dioxide, water 
and mineral] salts from which are built 
proteins, carbohydrates, fats, aromatic 
compounds, isoprenoid substances, or any 
class of Z anabolic product on which our 
attention may be fixed. Alternatively our 
abstraction from the total metabolism 
between the times T, and T, may isolate 


as a unit metabolic process for speci} 
study, the catabolism of an anabolic pro 


duct (this time the A class) with the forma. 
tion of Z class catabolic products. 

If we use a single letter to denote eithe 
a single substance or two or more sy}. 
stances we can represent a conversion of 
A to Z by a straight sequence of successive 
partial reactions thus : 


A—-B—Cz...Z 
Vp 

A number of these reactions may be re. 
versible, but I shall assume a progressive 
consumption in the direction of Z. Apart 
from certain short-distance catabolic 
changes, there are probably not many 
independent sequences of this kind. In 
the first place, any one of the intermediate 
metabolites may have more than one fate, 
leading to end-products Z,, Z,, etc. For 
example glucose, as an equilibrated mix. 
ture of « and 8 forms, could give rise 
anabolically to starch and cellulose and 
catabolically to carbon dioxide and water. 

Secondly, continued metabolism in cer- 
tain directions is dependent on linkages 
between sequences of partial reactions, 
Apart from light reactions, anabolic 
sequences must link with catabolic se- 
quences. This broad statement really 
means that endergonic partial reactions 
are driven by the energy derived from 
exergonic reactions. The synthesis of Y 
from X depends upon linkage with an 
exergonic reaction M-»>N such as may 
occur in the respiratory sequence. In- 
stances multiply of the mediation of 
adenosine triphosphate (ATP) in driving 
anabolic partial reactions, owing to the 
high energy potential of its terminal 
pyrophosphate bond. Clearly, therefore, 
all such reactions must link with the 
oxidative reactions that raise this potential. 
An example is provided by Chibnall’s 
experiment in which he caused rye grass 
leaves to synthesise glutamine from 
ammonium glutamate. He attributed 
the driving force to respiratory energy. 
Further, there is evidence that glutamine 
can be synthesised in vitro, provided ATP 
is present as an energy donor. This 
evidence suggests that the linkage is not 
between glutamine synthesis and the re- 
spiratory process as a whole (cf. p. 235) but 
with those partial reactions which lead to 
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"the production of active phosphate bonds 


and to their incorporation in ATP. 
Another form of linkage between dif- 


‘ferent reaction sequences, or between 


distinct partial reactions in a single 
sequence is found when, in a reaction 


such as 

Q is present in very low concentration. 
Clearly the conversion of P to P’ will soon 
stop unless Q can be regenerated from Q’, 
for example thus : 

Q’+R2O4+R’. 
The net result will be 

P+R2P'+R’. 
Examples of Q are coenzyme I (DPN or 
cozymase cz), coenzyme II (TPN), glu- 
tathione (G-S-S-G), the flavin nucleo- 
tides (e.g. FAD), cytochrome c (cyt. c), 
dehydroascorbic acid (DAA),  ortho- 
quinones, or other intermediate carriers. 
Each of these substances can act as a 
reaction partner with more than one 
enzymic protein. Accordingly the partial 
reactions controlled by these proteins may 
be linked. 

In recent times the results of broad 
physiological studies and the narrower but 
more penetrative probings of biochemistry 
have proved mutually illuminating. In 
the latter, attention is focused on a fraction 
of the process abstracted for study from 
the total metabolism of the cell. In the 
extreme case the single partial reaction 
is actuated in vitro by the isolated specific 
enzyme. Biochemists have achieved much 
success during the last twenty years, in 
isolating enzymes as crystalline proteins 
ina high degree of purity. Theoretically, 
were knowledge gained of all the partial 
reactions in a process, a mental synthesis 
of the whole process would become pos- 
sible. Clearly, however, this synthesis 
must serve to explain the results obtained 
from broad physiological studies. This 
requirement is a touchstone. There are 
many possible pitfalls in assembling whole 
processes from enzymic reactions. The 
enzymic reaction may be an artefact. If 
it has metabolic significance, it may be 
concerned with some other process. Even 
if it is part of the process under con- 
sideration it might be placed in the 
wrong position in mentally constructing 
the whole process. 
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SoME METHODS USED IN STUDYING INTER- 
MEDIATE METABOLISM 

The question is whether the change 
from A to C occurs in vivo by way of B. 
I shall assume that on chemical grounds 
this sequence is a clear possibility, and 
that it would be in accord with such facts 
as have been obtained by broad physio- 
logical experiments. For my _ present 
purpose it is immaterial whether the con- 
version of A to C is a two-step reaction in 
which a single e, occasions the change 
A to B with a velocity v,, and another 
enzyme e, transforms B into C with a 
velocity v,, or whether in each stage in 
the conversion there are two or more steps, 
i.e. both e, and e, represent a collection 
of enzymes, with possibly coenzymes and 
co-factors in addition. 

(i) Qualitative analysis (see also vi). The 
object is to detect the presence of B in 
cells which are known to have been con- 
verting A to C over a period T, to T,. 
Since B may originate during the course 
of some other reaction, the evidence, if 
positive, would be stronger were it found 
that B is present in cells only under 
conditions which permit the conversion 
of A into C. The value of this method 
for trace accumulants (and many key 
intermediates belong to this class) has 
recently been enhanced by the refinement 
of chromatographic and other techniques. 
But in many reaction sequences B still 
eludes detection because, under natural 
conditions in vivo, v, is so much greater 
than vy,. 

(ii) Fixation methods. A substance X, 
which can enter into chemical combina- 
tion with B, is added to cells which are 
converting A into C. The argument is 
that X will compete for B with the enzyme 
e€,, and, in consequence, some B may 
become fixed as BX. Obviously, for the 
reasons given in (i), positive evidence is 
not conclusive. Furthermore, X might 
have a disturbing influence on the normal 
balance of linked reactions in ordered 
metabolism, resulting in the formation 
of B, and therefore BX, as an artefact. 
A famous example of this method is 
Neuberg’s fixation of acetaldehyde as its 
bisulphite when he added sulphites to 
cells which were carrying out alcoholic 
fermentation. 

(iii) The differential inhibition or activation 
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of enzymes in living cells. ‘The object is, by 
the addition of appropriate chemicals, 
differentially to inhibit e, or to activate e, 
so that v, becomes greater than v,. 
Obviously B would then tend to accumu- 
late and method (i) should give positive 
results. A positive result does not pro- 
vide conclusive evidence because, in this 
method as in (ii), abnormal chemical 
changes may occur owing to the presence 
of the inhibitor. However, this is now 
one of the most widely used methods. 

Presumably all inhibitors combine 
chemically with or occupy the active sur- 
faces of the enzymes which actuate the 
blocked partial reactions. Competitive 
inhibitors have a molecular structure 
similar to that of substrate on which the 
enzyme normally acts, and may be specific 
for a single reaction. For example malon- 
ate inhibits the oxidation of succinate to 
fumarate by succinic dehydrogenase. A 
depression caused by malonate of the 
oxygen-uptake of a tissue is considered as 
evidence that succinic dehydrogenase pos- 
sibly functions in respiratory metabolism. 
If succinate accumulates simultaneously 
with this depression, the evidence is 
stronger. 

Terminal oxidases containing copper 
(e.g. polyphenol oxidase and _ ascorbic 
oxidase) or iron (e.g. cytochrome oxidase) 
are poisoned by hydrogen cyanide. One 
of the tests for cytochrome oxidase is to 
show the presence of a terminal oxidase 
(i.e. an enzyme concerned with oxygen 
uptake) that can combine with carbon 
monoxide to form a compound which 
is dissociated by wave-lengths of light 
absorbed by this CO-hemochromogen. 
The biochemical results of these purely 
chemical phenomena are that carbon 
monoxide inhibits cytochrome oxidase, 
but the inhibition may be removed by 
light. 

I reported to this section at Bristol in 
1930 that ethyl alcohol and acetaldehyde 
accumulate in apples treated in air with 
HCN or H,S. This finding fulfilled pre- 
dictions based on Meyerhof’s experi- 
mental results for yeast and Warburg’s 
for animal tissues. I described the pheno- 
mena as HCN zymasis and H,S zymasis, 
and drew the general conclusions, (a) that 
oxidation processes link with zymase 
cleavage, and (6) that, if a substance such 


as HCN retards aerobic oxidative pr. 
cesses more than zymase cleavage, ZyMasis 
will occur, provided the organ unde 
experiment can carry out this process jp 
the absence of oxygen. My view wa; 
and still is, that it does not matter whether 
in such an organ, oxidative processes are 
retarded by a shortage in the external 
oxygen supply or by differentially reduc. 
ing the activity of an enzyme that control 
any one of the partial reactions by which 
C, or C, products of glycolysis are con. 
sumed in air, the result will inevitably be 
some form of zymasis. As knowledge 
grows of partial reactions in phosphoryla- 
tive glycolysis and the tricarboxylic acid 
cycle, so also does the scope of experi- 
ments on the induction of zymasis. 

It was in 1924 at Cambridge that I first 
induced zymasis in a plant organ plenti- 
fully supplied with oxygen. The inducing 
agent was carbon dioxide in concentra- 
tions above 30 per cent., and the organ 
was the apple. The results of this inves- 
tigation were unpredictable. A shot at 
random hit a mark. I described the 
resulting disordered metabolism as CO, 
zymasis. ‘This investigation had a bearing 
on storage problems. In CO, zymaasis, in 
addition to ethyl alcohol, injurious con- 
centrations of acetaldehyde may accumv- 
late and lead to the browning of flesh 
tissue. [Jacobsen (1952) comments on 
the nausea felt by man when acetaldehyde 
accumulates in his liver. ‘ Aldehyde poi- 
soning’ is not confined to apple flesh 
tissue.] One essential requirement was 
established for keeping fruit in sound 
condition in home stores and ships’ holds. 
The storage atmosphere must be so con- 
trolled that there should never arise, as 
a result of the respiration of the stored 
fruit, such conjunctions of CO, and oxy- 
gen concentration as might induce CO, 
zymasis. 

Newcastle experiments performed suc- 
cessively by Fidler and Foster have shown 
that HCN zymasis, H,S zymasis, and CO, 
zymasis may be induced in a wide range 
of organs. Beevers’ results suggest that 
CO, in high concentrations does not 
belong to the same class as HCN and H,§, 
namely the inhibitors of terminal ox 
dases. We are still trying to identify the 
partial reaction which CO, differentially 
inhibits. Success would provide evidence 
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that this reaction might participate in the 
normal aerobic oxidative consumption of 
carbohydrate. 

The converse of the same principle 
holds. The induction of zymasis by a 
substance known to inhibit a putative 
partial reaction in a hypothetical scheme 
for such consumption could be a cogent 
piece of evidence in favour of the scheme. 
The argument requires careful wording to 
ensure that the question is not begged. 

(iv) The demonstration of the presence of 
specific enzymes in living cells. Enzymes are 
the ultimate subcellular agents of each 
action in metabolic activity. If a reac- 
tion does not occur spontaneously in vitro, 
evidence of the existence of an actuating 
enzyme is needed before biochemists will 
agree that the reaction is a possible step 
in metabolism. The demonstration of the 


presence in living cells of e, and e, clearly’ 


proves that the cells are potentially 
capable of converting A to C via B, but 
does not establish that this is the route by 
which the conversion actually occurs. 
Owing to organisation within the struc- 
ture of a living cell, a substrate may not 
always have access to an enzyme which 
can act on it. 

If a thermolabile cell-free product, 
whether an aqueous extract or an in- 
soluble residue, can bring about a change 
known or strongly believed to take place in 
vivo, acceptable evidence of the presence of 
anenzyme is obtained. Artefacts are pos- 
sible in the form of changes which have 
no metabolic significance but happen to be 
catalysed by certain cell proteins. Many 
enzymic proteins have been highly purified, 
but very few from higher-plant extracts. 
Some coenzymes have been synthesised. 

(v) Feeding experiments. If B is fed to a 
cell capable of converting A to C, and it 
is found that B is consumed and the pro- 
duction of C is commensurably increased, 
evidence consistent with the hypothesis 
that B is an intermediate in the conversion 
AC will have been obtained. Alterna- 
tively, exceptional conditions allowing the 
accumulation of B, for example the ex- 
clusion of oxygen, can sometimes be 
arranged. The fate of B can be studied 
when normal conditions are re-imposed. 
There could be other explanations, for 
instance, that D and not B is the real 
intermediate, but there is an enzyme 
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present that can convert B into D. 
Suggestive results have already been 
obtained by feeding plant tissues with 
compounds containing labelled atoms. I 
shall leave it to a future President of this 
Section to deal with those conclusions 
which weather the years. 

Feeding experiments have been used 
in investigating the status of ethy] alcohol 
and acetaldehyde as possible normal 
intermediates in the oxidative catabolism 
of higher plants. At Cambridge I caused 
these substances to accumulate in apples, 
by placing the fruits under anaerobic 
conditions, but found little consumption 
on replacing the fruits in air. This 
negative result for respiring tissue was 
obtained late in the 1923-24 storage 
season. At Newcastle, Fidler, Foster (also 
at Durham) and Ranson have successively 
obtained positive results on a wide range 
of organs. Our general conclusion is that 
ethyl alcohol can be slowly consumed 
in air, and acetaldehyde more rapidly. 
Remembering my negative result, I have 
selected an auxiliary verb of mood to state 
a particular proposition. 

Owing to its low boiling-point, acetalde- 
hyde can be fed as a vapour to plant 
organs. At Cambridge, Fidler (1937) 
has repeated and extended earlier experi- 
ments by Kidd and Trout. Dr. Fidler 
has kindly allowed me to read a fuller 
report of his experiments and to refer 
here to his results. They show that 
living orange and apple fruits can absorb 
and consume acetaldehyde extensively. 
The absorbed acetaldehyde does not 
accumulate : to some extent it is converted 
into ethyl alcohol. Fidler measured gas- 
eous exchange, carbohydrate loss, as well 
as alcohol production, and from his bal- 
ance sheet he educes strong evidence that 
most of the acetaldehyde which is not 
reduced is completely oxidised to carbon 
dioxide. Foster’s direct feeding experi- 
ments, using a wide range of organs, have 
also shown aerobic consumption of acetal- 
dehyde, only part of which can be attri- 
buted to reduction to ethyl alcohol. The 
aerobic consumption of ethyl alcohol was 
always too slow for this substance to be 
considered as a possible normal inter- 
mediate metabolite in the aerobic oxida- 
tion of carbohydrate. 

The question remains open whether or 
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not acetaldehyde is a normal intermediate 
in this process. The results of the experi- 
ments performed at the Low Temperature 
Research Station, Cambridge, strongly 
suggest that it can be easily oxidised by 
apples and oranges. Indeed Fidler infers 
with good reason that it can spare carbo- 
hydrate. However, it is possible that, 
like ethyl alcohol in the human liver, 
acetaldehyde (B of the opening paragraph 
of this section) is oxidised in plant cells 
because they happen to contain an 
enzyme which can convert it into a 
metabolite (D), normally produced by 
partial reactions not involving carboxylase 
decomposition of pyruvate, i.e. acetalde- 
hyde formation. Among possible D sub- 
stances are acetate and acetylphosphate. 
They could arise from pyruvate, without 
acetaldehyde production, by mechanisms 
similar to those in animal cells. At present 
nothing is settled for higher plants about 
partial reactions in oxidative catabolism 
at the pyruvate and C, levels. 

(vi) The accumulation sequence. Qualita- 
tive analysis may show that B accumulates 
before C when A is being converted into C. 
When these relations hold, accumula- 
tion would provide evidence that B is an 
intermediate in this conversion, but not 
rigid proof. The sequence might be 


A Ne C be 3 B, with a velocity v, so much 


greater than v, that the accumulation of 
B would come first, and that of C not until 
the back reaction sets in. The order of 
accumulation is not necessarily that of 
production. 

(vii) Privative methods. An_ essential 
factor operating in the reacting system 
A may be excluded. This deprivation 
would result in stopping the conversion 
of A to C, but that of A to B might con- 
tinue. It can be argued that the accumu- 
lation under these conditions of B, or of 
a compound B’ clearly formed from B, 
provides evidence that B is an intermediate 
between A and C under normal condi- 
tions. However, B or B’ might have been 
derived from D. 

An application of this method is the 
comparison of the anaerobic and aerobic 
respiration in higher plants. Ethyl alco- 
hol, which accumulates when oxygen is 
excluded, is regarded as a B’ substance. 
We do not yet know for certain what is the 


precursor, B, common to ethyl alcoho 
and the products of the complete oxidation 
of carbohydrate, viz. CO, and water. 
A good case can be made for phospho. 
pyruvate, or a derivative. 

(viii) The value of cumulative circum. 
stantial evidence. None of the methods 
described in this section can provide data 
for the formulation of categorical proposi- 
tions about the occurrence and sequence 
of partial reactions in total metabolism in 
vivo. All too frequently statements are 
made in critical arguments that ‘ X has 
shown so and so,’ when X’s actual con- 
tribution has been to obtain circum. 
stantial evidence, sometimes by only 
one experimental method. X may have 
stressed a preference for one interpreta- 
tion of the evidence. He has a right to 
doso. Clearly, however, the hypothetical 
rather than the categorical proposition 
should, as a rule, be used in the incorpo- 
ration of X’s findings and conclusions into 
one’s own arguments. 

Granted that all evidence relating to 
intermediate metabolism is circumstantial, 
yet as Sherlock Holmes remarks in The 
Noble Bachelor ‘ Circumstantial evidence is 
occasionally very convincing, as when you 
find a trout in the milk, to quote Thoreau’s 
example.’ Cumulative circumstantial evi- 
dence increases one’s confidence in the 
validity of the conclusions drawn.  Pro- 
secuting counsel would make good play 
with the presence in the milk of a little 
river sand and of freshwater algae, 
vouched for by an expert witness from 
Section K. 


DioxipE FrIxaTION as A KEY 
CRASSULACEAN' ACID 


CARBON 
REACTION IN 
METABOLISM 


In crassulacean acid metabolism, malic 
acid accumulates at the expense of carbo- 
hydrate in green cells after they have 
been transferred from the light to the 
dark. This dark acidification continues 
for some hours. Whilst this process 1s 
operating, CO, liberation from the cells 1s 
less than oxygen uptake. Indeed the 
R.Q.can approach or reach zero. During 
the course of dark acidification the oxygen 
uptake remains steady, but, eventually, 
the CO, liberation increases, and, in con- 
sequence, the R.Q. rises and reaches 4 
value of about unity when malic acid 
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ceases to accumulate. In prolonged dark- 
ness the malic acid concentration falls. 
The R.Q. rises, and, during this dark 
deacidification, may reach values of two 
or more. Accordingly it is a widely 
accepted theory that there are three 
phases in crassulacean acid metabolism in 
the dark. In the first the rate of malic 
acid production is faster than that of 
consumption. In the second, the rates 
are equal (Wolf’s ‘stationary phase’), 
and, in the third, consumption is faster 
than production. 

When the green cells are illuminated 
consumption becomes so much faster than 
production that light deacidification can 
cause most of the malic acid produced 
overnight to disappear during the day. 
The assimilatory quotient (O, evolved/ 
CO, absorbed) can be much higher than 
unity: indeed there may be oxygen 
evolution without CO, absorption. 

In the Wood-Werkman reaction, pyru- 
vic acid or a derivative combines with 
carbon dioxide to yield oxaloacetic acid, 
which is then reduced to malic acid 
(see fig. 1). [Gollub and Vennesland 
(1947) have reported that this CO, fixa- 
tion was actuated by a 6-carboxylase, 
which they extracted in cell-free juices 
from parsley roots and other plant organs. | 
In 1945 I saw, and in 1947 I reported, 
that if a Wood-Werkman reaction can 
occur in green cells showing crassulacean 
acid metabolism, known facts could be 
explained. 

In the dark, respiration would provide 
a source of CO, for malic acid synthesis. 


C,H,,0, + 60, = 6CO, + 6H,O.. (i). 


This synthesis would take place at the 
expense of pyruvic acid (or a derivative), 
formed by phosphorylative glycolysis 
(fig. 1). The overall equation for the 
production of acid from sugar would be 


C.H,,0, 2CO, = 2C,H,O; (ii). 


During dark deacidification only a frac- 
tion of the CO, produced by respiration 
would be liberated. An explanation would 
be afforded of the inverse relation between 
the rate of acid synthesis in the dark and 
CO, liberation. The apparent R.Q. would 
be less than unity. If all the respiratory 
CO, of process (i) were fixed by process (ii) 
the apparent R.Q. would be zero. 
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2C,H,,0, + 30, = 3C,H,O; + 
3H,O ‘ (iii). 
Equation (ili) suggests the old hypo- 
thesis that malic acid accumulation relates 
to a single respiratory process in which 
carbohydrate is incompletely oxidised. 
I discarded this hypothesis. Equation (iii) 
is the resultant of the two linked processes 
(i) and (ii). In the first carbohydrate is 
completely oxidised in normal respiration. 
In the second malic acid is synthesised by 
partial reactions that are not respiratory. 
Carbon dioxide is not evolved; it is 
absorbed. Actually, all the time the real 
R.Q. is unity, but it can only be measured 
during the stationary phase. The high 
R.Q.’s during dark deacidification ap- 
peared to be the best explained on Bennet- 
Clark’s hypothesis that at least some of the 
malic acid is reconverted into carbo- 
hydrate. 


2C,H,O; = C,H,,0, + 2CO, (iv). 


The possibility of consumption in other 
ways is under consideration. 

In the light, respiratory CO, as well as 
the CO, absorbed from the atmosphere 
is immediately removed by photosynthesis. 


6CO, + 6H,O = C,H,,0, + 60, . (v). 


Acid production (equation (ii)) stops; but 
acid consumption (equation (iv)) con- 
tinues, and the CO, produced spares 
atmospheric CO,. Consequently the 
assimilatory quotient rises above unity. 
At Newcastle in 1946 Beevers performed 
experiments on leaves of Bryophyllum and 
Kalanchoé to test some of these ideas. He 
showed that by augmenting the CO, con- 
centration around illuminated leaves which 
have initially a low acid value, he could 
induce light acidification (equation (ii)). 
He had supplied the missing metabolite, 
viz. CO,, for the Wood-Werkman reac- 
tion. Even more convincing were the 
results of experiments in which leaves 
were fed in the dark with CO, in concen- 
tration up to 5 per cent. During the 
initial burst of dark acidification, oxygen 
and carbon dioxide were simultaneously 
absorbed. Not only was all the respira- 
tory CO, (equation (i)) consumed in 
malic acid synthesis (equation (ii)), but 
additional CO, was required to satisfy the 
acid-synthesising powers of the cells. 
Ranson has extended the 1946 work in 
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many directions. In every respect his 
results have substantiated the statements 
I made at a meeting of the Society for 
Experimental Biologists in London in 
January 1947, and in a book later in that 
year. 

In the U.S.A., Bonner and Bonner 
(1948) reported that ‘The formation of 
organic acids by excised Jeaves of Bryo- 
phyllum crenatum in the dark at low tem- 
perature is approximately a linear func- 
tion of CO, pressure in the surrounding 
atmosphere between the levels of 0-00 
and 0-1 per cent. of CO, in air.’ This 
and certain other experimental findings 
led them to suggest that ‘ the formation 
of acids by succulents results from carbon 
dioxide fixation, perhaps by pyruvate, 
with the formation of four-carbon dicarb- 
oxylic acids.’ Independent researches at 
Newcastle and Pasadena, performed at 
about the same time, had led to very 
similar conclusions about the central im- 
portance of the Wood-Werkman reaction 
in malic acid synthesis, and therefore in 
the control of crassulacean metabolism. 
Thurlow and Bonner (1948), using C'#O, 
demonstrated that as a result of dark 
fixation of CO, by Bryophyllum leaves, 
labelled carbon becomes incorporated in 
the accumulating organic acids. The 
metabolic consumption of CO, in a partial 
reaction leading to malic acid synthesis 
was proved beyond reasonable doubt. 
The mechanism of this synthesis is still 
under investigation. A single protein, 
Ochoa’s ‘ malic enzyme’ may effect the 
synthesis. Alternatively malic acid may 
be produced from pyruvic acid and CO, 
in two partial reactions, the Wood- 
Werkman reaction under the agency of 
oxaloacetate carboxylase, followed by the 
enzymic reduction of the resulting oxalo- 
acetate. Vennesland et al. (1949) have 
obtained evidence of the presence of the 
malic enzyme as well as of oxaloacetate 
carboxylase in extracted plant juices. 
The alternative modes of synthesis are 
pictured in fig. 1. 

I shall end this chapter with a historical 
note. Theodore de Saussure (1804) re- 
corded the simultaneous absorption of 
CO, and oxygen in the dark by the cac- 
tus Opuntia. The few physiologists who 
noticed this observation attributed the 
CO, absorption to solution in cell sap. 


Before the end of last century it was known 
that cacti are among the plants which 
show crassulacean acid metabolism. |t 
is a fact of psychological interest that no 
one attempted to relate the dark absorp. 
tion of CO, to dark acidification. The 
absorption had to be explained away as a 
physical and not a metabolic phenomenon, 
The minds of physiologists were so condi- 
tioned that metabolic consumption of 
CO, in green plants, except by illuminated 
chloroplasts, was inconceivable. Actually 
the significance of Saussure’s observation 
was not realised until after the recent 
Newcastle and Pasadena experiments had 
shown that CO, fixation accompanies the 
dark accumulation of malic acid. In 
1949 Wolf, in Germany, and I paid 
tribute to the great experimentalist who, 
over 140 years earlier, had recorded the 
first evidence of dark CO, fixation. 
Independently we referred to this dark 
CO, absorption by plants showing cras- 
sulacean acid metabolism as the ‘de 
Saussure effect.’ At Newcastle, Ranson 
has found that in all such plants as he has 
examined, including Opuntia and other 
cacti, the effect is shown, and to an extent 
commensurate with malic acid accumv- 
lation. 


ANAEROBIC RESPIRATION 


(i) The term zymasis. In 1926 I intro- 
duced the term, zymasis to describe the 
process of alcoholic fermentation, ab- 
stracted from the total catabolism of a cell. 
The essential property is that ethyl 
alcohol accumulates at the expense of 
hexose units. The word fermentation, 
when unqualified is ambiguous. For 
example lactic acid can be_ produced 
by non-zymasic fermentative processes. 
Further the word zymasis allows pithy 
compound terms to be coined indicating 
both the occurrence of alcoholic fermenta- 
tion and the occasioning cause. Among 
the forms of zymasis I have so far described 
are anaerobic zymasis, low oxygen zymasis, 
CO, zymasis (p. 224), HCN zymasis 
(p. 224), and, senescence zymasis (e.g. 
zymasis shown by apples and pears in air, 
owing possibly to depressed oxidative 
power in their old age). 

(ii) Anaerobic zymasis. In the organs of 
some higher plants (e.g. carrot roots, 
germinating peas) the CO, of anaerobic 
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respiration (I) comes almost exclusively 
fom zymasis according to the equation 


This finding provides assured evidence 
that the partial reactions of zymase- 
deavage are integrated into what may be 
regarded as a single anaerobic metabolic 
process. If Z represents ethyl alcohol 
scumulation plus the small accompany- 
ing amounts of acetaldehyde, and Zco, 
the corresponding CO, production, as a 
dose approximation we may state that 
[=Zco, and in consequence Z/I = 
|:04. For some organs (e.g. resting 
potato tuber) this quotient is well below 
)5. Like most physiological magnitudes 
ad unlike the physical constants of pure 
chemicals, the quotient is highly variable. 
At Newcastle, Fidler found values varying 
fom 0-5 to 0-9 for different varieties of 
apple and noticed seasonal fluctuations 
inthe quotient for a given variety. 

All the available fragments of experi- 
mental evidence (see p. 232 for evidence 
obtained by Stumpf) fit in with the idea 
that the partial reactions in the zymasis 
component of anaerobic respiration in the 
higher plants are identical with those 
bought about by zymase cleavage of 
hexoses in yeast cells. Anaerobic phos- 
phorylative glycolysis at least as far 
a phosphopyruvic acid, appears to be 
identical with that occurring aerobically 
fig. 1). Subsequently pyruvic acid is 
produced and carboxylase decomposes it 
yield Zco, and acetaldehyde. It is 
till unsettled whether or not these two 
lst events are normal partial reactions 
in aerobic metabolism (p. 226). Almost 
certainly the next event does not take 
place during normal respiration in air. 
Under the agency of alcohol dehydro- 
genase, acetaldehyde accepts hydrogen 
fom the DPNH, which is formed in the 
anaerobic oxidation to phosphoglycerate 
of triosephosphate by its specific dehydro- 
genase. This reduction yields ethyl 
alcohol, and DPN (cozymase) is regener- 
ated. Accordingly the oxidation actuated 
by triosephosphate dehydrogenase is linked 
with the reduction of acetaldehyde to 
ethyl alcohol. Since very little acetalde- 
hyde accumulates, this reduction, which 
involves the oxidation of DPNH, to DPN, 
must be a relatively fast process. The 
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rate of turn-over of DPN 2 DPNH, 
may control the rate of triosephosphate 
oxidation, and therefore of glycolysis. 

The problem of determining the source 
of non-zymasic anaerobic carbon di- 
oxide, i.e. (I-Zco,), remains unsolved. 
Amino acids could be a source, but ex- 
perimental evidence is lacking. Fidler 
(1951) has reported his Cambridge experi- 
ments on apples, concluding that in these 
fruits most of the CO, not attributable to 
zymasis is formed by the complete 
anaerobic oxidation of malic acid. The 
partial reactions which might effect com- 
plete oxidation have not been elucidated. 
Unless plant cells can distinguish between 
pyruvic acid formed from carbohydrate 
and from malic acid, this C, acid cannot 
be an intermediate. 

Zco, is calculated from the accumula- 
tion (Z) of ethyl alcohol plus acetaldehyde. 
46 
tion of ethyl alcohol or of acetaldehyde 
(other than its reduction) would lead 
to calculated values erring on the low 
side. We have as yet no evidence of 
such metabolism. Fidler’s feeding experi- 
ments indicate that in apples and oranges 
the anaerobic metabolic fate of acetalde- 
hyde is exclusively reduction to ethyl 
alcohol. 

(iii) Low-oxygen zymasis. Healthy tissues 
do not show zymasis in air. Stich (1891) 
found that below oxygen concentrations 
of 5 per cent. the respiratory quotients of 
plant organs rise above unity. Most 
investigators tacitly assume that rises in 
R.Q.’s from unity to considerably higher 
values mean that alcoholic fermentation 
has set in. Very few make measurements 
of alcohol accumulation to confirm their 
assumption. 

F. F. Blackman (1928) introduced the 
term extinction point of anaerobic respi- 
ration, for the external oxygen concentra- 
tion above which respiration is entirely 
aerobic, and below which it is of a mixed 
form. From CO, measurements he con- 
cluded that the E.P. in Bramley’s Seedling 
apple was in the neighbourhood of 5 per 
cent. Unambiguous evidence of the ex- 
tinction of anaerobic respiration, when 
zymasis is a component of this process, 
can be obtained by demonstrating the 
suppression of alcohol accumulation. In 


Zco, = The anaerobic consump- 


229 


Sectional Addresses 


1933, Fidler and I reported that alcohol 
accumulation in apples early in the 
storage season could be suppressed by 
external oxygen concentrations of 3 per cent. 
orevenless. The E.P.’s for growing apples 
were about | per cent. Ranson found 
values of 1-8 per cent. for rhododendron 
leaves and 2-0 and 1-5 per cent. for 
germinating seeds of marrow and _ buck- 
wheat respectively. 

Evidently a very low internal oxygen 
concentration is adequate to maintain 
the aerobic consumption of the most de- 
graded product common to both aerobic 
and anaerobic glycolysis. ‘To explain this 
fact we require to know the identity of this 
common product, and also the influence 
of oxygen concentration on_ terminal 
oxidases that control the regeneration 
of TPN, DPN and other intermediate 
hydrogen carriers from their reduced 
forms. Differential retardation within the 
tricarboxylic acid cycle could lead to the 
production of the common product faster 
than it is consumed by aerobic processes. 
Accumulation of this product would then 
be easy to understand. However, it is 
metabolised in a new way, leading to the 
accumulation of ethyl alcohol. We can 
describe the partial reactions, but how 
they are set in train remains a puzzle. 
Lack of space prevents discussion, which 
would bear also on suggested explanations 
of the ‘ Pasteur effect.’ 

(iv) The Pasteur effect. The essence of 
the Pasteur effect, when it is displayed, is 
the power possessed by oxygen of conserv- 
ing carbohydrate in cells. For illustra- 
tion, I shall cite some evidence obtained 
at Newcastle. Ranson compared carbon 
loss as CO, and ethyl alcohol in air, at the 
E.P., and under anaerobic conditions. 
He concluded that in all the organs 
examined except germinating buckwheat, 
the catabolism of carbohydrate is in- 
creased as the oxygen concentration is 
lowered below the E.P. In other words, 
raising the oxygen concentration from 
zero to the E.P., by suppressing zymasis, 
conserved carbohydrate substrate in these 
organs. This is the critical test for the 
occurrence of the Pasteur effect. For 
some organs (e.g. apple fruits) carbo- 
hydrate catabolism increases much more 
when the oxygen concentration is reduced 
from the E.P. to zero than when it is 


increased from the E.P. to the air value. 
Accordingly in these organs a comparison 
of catabolism in air and under anaerobic 
conditions has provided evidence of the 
Pasteur effect. This is the easiest com. 
parison to make, but it does not give 
complete information about responses to 
oxygen. For example, Ranson’s results 
for germinating marrow indicated that 
carbon losses in air and pure nitrogen 
were about the same. It was only by 
measuring carbon loss at or below the 
E.P. that he obtained evidence of a 
Pasteur effect. At the E.P. carbon loss 
was about two-thirds of the loss in 
nitrogen. 

Direct measurements of carbohydrate 
loss in higher plants have only once been 
made to compare anaerobic and aerobic 
catabolism. Fidler (1948) reported his 
Cambridge experiments, which showed 
that carbohydrate loss in apples is greater 
under anaerobic conditions than in air, 
and thus confirmed conclusions drawn by 
F. F. Blackman (1928) and Thomas & 
Fidler (1933) from measurements of 
catabolic products. We need further data 
for substrate consumption as _ oxygen 
concentration is increased from zero to 
the E.P., especially for organs such as 
germinating buckwheat, for which the 
existence of a Pasteur effect is still in 
doubt. 


PARTIAL REACTIONS IN THE RESPIRATORY 
CONSUMPTION OF CARBOHYDRATES 


(i) Historical. The Russian plant phy- 
siologist, Palladin, developed the Pfliiger- 
Pfeffer hypothesis that there is a ‘ genetic 
relationship between intra-molecular and 
oxygen-respiration in plants.’ He merged 
the concepts of fermentation and aerobic 
respiration in a master concept, namely 
the linkage of glycolytic with oxidative 
processes, and the coupling of hydrogen 
and oxygen activation. ‘ Zuerst wurde 
freilich diese Briicke nicht fiir die Tiergewebe, 
sondern fiir die Pflanzen geschlagen, und 
zwar durch Palladin’ (Oppenheimer, 1927). 
If botanists took the lead, animal 
biochemists (their name is legion) have 
amply repaid the debt. 

From the experimental fact that the 
activity of zymase present in a cell-free 
juice is not affected by oxygen concentra- 
tion, Palladin and his younger colleague 
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Kostyschew inferred the occurrence in 
aerobic carbohydrate catabolism of at 
least some of the partial reactions of 
zymase cleavage. They knew that ethyl 
alcohol does not accumulate in plant cells 
in air, and believed, justifiably (p. 226), 
that it is not easily oxidised. Kostyschew 
pictured oxidation processes, actuated by 
enzymes and involving oxygen uptake, 
as incident on a precursor of ethyl alcohol. 
He found that the respiration of seedlings 
was stimulated when he fed them with 
extracts from the residual liquid of alco- 
holic fermentation. However, his general 
conclusion was that unambiguous evidence 
would not be obtained until the inter- 
mediate metabolites in alcoholic fermen- 
tation had been identified. These are 
now known, and modern versions of 
Kostyschew’s experiments have been per- 
formed with pure preparations of pre- 
cursors (e.g. acetaldehyde and pyruvic 
acid) of ethyl alcohol. 

During the 1930’s it was often stated, 
without adequate supporting evidence, 
that acetaldehyde is the substance which 
links aerobic with anaerobic respiration in 
the higher plants. The publication of 
Fidler’s report (p. 225) should result in a 
critical reconsideration of this hypothesis. 
At present we have no evidence of the 
existence in higher plants of an acetalde- 
hyde oxidase, i.e. of a dehydrogenase 
linking with oxygen through a terminal 
oxidase. Even if acetaldehyde can be 
oxidised in vivo, there is no conclusive 
proof that it is a normal intermediate in 
the aerobic respiration of carbohydrate. 
Evidence exists that pyruvic acid can be 
oxidatively consumed, but it is possible 
that the intermediate 2-carbon fragment 
is acetate, acetyl phosphate, or some other 
substance, and not acetaldehyde. Once 
more we see (cf. p. 226) that there is much 
obscurity about partial reactions involving 
compounds containing three and two 
carbon atoms. 

Most of the recent work on pyruvate 
catabolism in plants has related to the 
theory succinctly described by Professor 
Sir Rudolph Peters in his Croonian 
Lecture (1951). Here is a quotation from 
his lecture: ‘it is now believed firmly 
by biochemists . . . that the 2-carbon 
fragment formed by oxidative removal of 
CO, from pyruvate is not oxidised directly; 
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but that a condensation with a 4-carbon 
acid, oxaloacetic acid, takes place to form 
a 6-carbon tricarboxylic acid; this is 
then successively degraded by loss of CO, 
through a 5-carbon and 4-carbon stage, 
until oxaloacetate is again reached ; the 
jatter is then ready to pick up another 
fragment. In one turn of this process, a 
pyruvate molecule is completely oxidised. 
This biochemical theory in its present form 
we owe to Krebs (1943), who with much 
penetrative generalisation put together 
earlier schemes by Szent-Gyorgyi and by 
Knoop and Martius to make this whole.’ 

This theory can be regarded as a modern 
development of Palladin’s and Kosty- 
schew’s. Phosphorylative glycolysis (see 
fig. 1), produces pyruvate or a derivative 
(equation (1)) which is oxidatively con- 
sumed (equation (2)) by the tricarboxylic 
acid cycle, usually so rapidly that it does 
not accumulate. The respiratory quotient 
for the complete oxidation of carbohydrate 
would be unity. 


C,H,,0, 2H,O -}- O, = 


2C,H,O,+4H,O . (1) 
2C,H,O, + 6H,O + 50, = 
6CO,+12H,O . (2) 


[N.B.—The actual number of water mole- 
cules consumed and produced is still prob- 
lematical. My computation is not offered 
as a possible solution of the problem. 
It is based on fig. 1, which ignores phos- 
phorylations and dephosphorylations.] 

(ii) Evidence of stages in intermediate oxid- 
ative carbohydrate catabolism. Some inter- 
mediates of zymase cleavage have been 
detected. For example Bonner (1948) 
found 0-77 mg. fructose-1 : 6-diphosphate 
and 0-48 mg. fructose-6-phosphate in 
1 gm. fresh weight of oat coleoptile. The 
accumulation of some intermediates under 
normal conditions may be too slight for 
detection. Pyruvate provides an example. 
James and James (1940) detected an 
accumulation in cells when a carboxylase 
inhibitor was added. Morgan (1946) 
failed to find it in onions until they were 
minced or ground in a mortar. In my 
experience no more than traces of acetalde- 
hyde or ethyl alcohol will be found, in the 
absence of fixatives or of conditions which 
impair the oxidative power of cells. 

Some evidence that the enzymes of 


231 


Sectional Addresses 


2 CARBOHYDRATE 
N 
HEXOSEOIPHOSPHATE 
N 


TRIOSE PHOSPHATE 


FUMARATE .... 

+2H 
PHOSPHOGLY CERATE 

- + 

+ HeO +CO, - 2H 

; 
(PHOSPHO) PYRUVATE co if zen +H20 
-2H 
OXALOACE TATE %-KETOGLUTARATE 
( UNDETERMINED ) ee 
-CO, 


C13 -ACONI TATE 


CITRATE 


/SOCITRATE 


Fic. 1.—The relation between phosphorylative glycolysis (certain steps omitted) and the tricarb- 
oxylic acid cycle in the complete catabolic oxidation of carbohydrate. ‘The latest views on 
entry into the cycle are not pictured or discussed. ‘The development of the theory is left at the 
stage that a derivative of pyruvate, one of the C, fragments of glycolysis, combines with oxalo- 
acetate to yield a tricarboxylic C, acid. [In the zymasis component of anaerobic respiration, 
pyruvate is decarboxylated (— CO,) to yield the C, fragment acetaldehyde, from which ethyl 
alcohol is produced by reduction (+ 2H).] Attention is called to six partial reactions involving 
dehydrogenations (— 2H) : one in glycolysis, one in entering the cycle, and four in the cycle. 
Each dehydrogenation links with side reactions involving O, uptake actuated by terminal 
oxidases: H, + }0,=H,O. There are three decarboxylations leading to CO, production 
(— CO,) : one in entering the cycle, and two in the cycle. 


glycolysis are present has come from ex- 
periments on cell-free juices or cytoplasmic 
particles. For example James et al. (1944) 
concluded that barley juice can convert 
hexose diphosphate into phosphoglyceric 
acid. Presumably among the compo- 
nents of the juice were aldolase, ATP, 
triosephosphate dehydrogenase, and DPN 
(cozymase). Stumpf (1950) reported evi- 
dence from experiments performed in 
vitro that aldolase, isomerase, triosephos- 
phate dehydrogenase, enolase, phospho- 
transferase, and carboxylase, are involved 
in the enzymic conversion of hexosedi- 
phosphate to acetaldehyde by pea seeds. 
He succeeded in studying each partial 
reaction separately. He had previously 
isolated aldolase and purified it ‘ some 92 
times.’ After a long delay the difficult 
task of isolating from higher plants and 
purifying glycolytic enzymes and co- 
enzymes has begun. However theory is 
well ahead of convincing experimental 
proof. For example it is generally ac- 
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cepted that DPN is a key substance, but 
the only reports of its presence in plants 
are those of Myrback (1937) and Whatley 
(1951). The evidence for the presence 
of ATP is stronger. From mung beans 
Albaum et al. (1950) have prepared a 
specimen of 70 per cent. purity, indis- 
tinguishable from rabbit muscle ATP. 
All the acids involved in the tricarb- 
oxylic acid cycle have been detected in 
plants but not all together in a single plant 
tissue at a given time. Under natural 
conditions in some plants molecules of a 
certain acid may be short lived. Con- 
sumption is so much faster than produc- 
tion that there is little or no accumulation. 
In other plants this acid may accumu- 
late, reaching relatively high concentra- 
tions (e.g. malate in apples, citrate in 
lemons, isocitrate in blackberry fruits and 
Bryophyllum leaves). 
Feeding experiments have yielded evi- 
dence that pyruvate can stimulate CO, 
output and oxygen uptake by slices of 
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Jant tissues. 
(1946) used spinach leaves previously 
starved by keeping them in the dark, 
Bonner (1948) used coleoptiles of seedling 
oats depleted of carbohydrates by removal 
of the endosperm 48 hours before the 
experiment began, Laties (1949) used 
barley roots, and G. Barron e¢ al. (1950) 
potato slices. Respiration was also stimu- 
lated by feeding with certain acids of the 
tricarboxylic acid cycle. In some of 
these American experiments, obviously 
modelled on Krebs and Eggleston’s (1940) 
on minced pigeon breast muscle, feeding 
was combined with the use of inhibitors. 
Evidence was obtained that the complete 
oxidation of pyruvate is inhibited by 
malonate, and that, with this inhibition, 
succinate accumulates. If malonate is a 
specific inhibitor for succinic dehydrogen- 
ase (p. 224), the succinate cannot arise 
from the reduction of fumarate. It could 
arise from the metabolism of pyruvate 
by the partial reactions of the tricarb- 
oxylic acid cycle. None of these re- 
actions would be inhibited by malonate. 
It has been stated that a crucial test for 
the occurrence of this cycle is whether 
or not the oxidative formation of succinate 
fom fumarate can be proved. The 
route would pass through malate, oxalo- 
acetate and so, via C, acids, round the 
cycle. Feeding experiments with fumar- 
ate on malonate-inhibited plant tissue 
(i.e. tissue presumed incapable of reducing 
fumarate to succinate) have led to the 
accumulation of succinate. If the pre- 
mises of the argument are granted, it must 
be allowed that the tricarboxylic acid 
cycle can operate in plants. 

There are convincing records of the 
presence of aconitase, isocitric and malic 
dehydrogenases, and fumarase, in cell- 
free plant juices, but none of these 
enzymes has been isolated and purified. 
The: presence of aconitase demonstrates 
the possibility of interconversion of the 
C, acids. G. Barron et al. (1950) have 
reported that citrate accumulates when 
Juice extracted from potatoes is added to 
a mixture containing acetate plus oxalo- 
acetate in the presence of ATP as energy 
donor, and of malonate as inhibitor of one 
of the later partial reactions (see p. 224) in 
the cycle by which C, acids are consumed. 
This experiment provided the first evi- 
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dence of the enzymic synthesis of C, acids 
by plant tissues. 

If plant cells can produce acetate from 
pyruvate (proof is lacking), the enzymic 
conversion of a hexose to isocitrate is an 
acceptable hypothesis. The first step in 
the regeneration of oxaloacetate is the 
oxidation of this C, acid by isocitric de- 
hydrogenase. This enzyme acts with 
TPN. The presence of this coenzyme in 
plants has now been demonstrated (What- 
ley 1951). The oxalosuccinate produced 
by this oxidation could undergo -de- 
carboxylation under the agency of a 
B-carboxylase. Gollub and Vennesland 
(1947) detected this enzyme in extracts 
from parsley roots and other plant 
sources. Theory requires that «-keto- 
glutarate, the product of this decarb- 
oxylation, should now yield succinate. 
(Bonner 1948) has obtained evidence 
that this oxidative decarboxylation occurs 
in plants, but he did not use cell-free 
preparations. 

It can be maintained that in some plants 
succinate, acted on by its specific dehydro- 
genase protein, donates two hydrogen 
atoms to cytochrome c and is thereby 
oxidised to fumarate. Hill and Bhagvat 
(1939), Goddard (1944) and others have 
reported the presence of succinic dehydro- 
genase, but the plant enzyme adheres 
tenaciously to cell particles. From spec- 
troscopic evidence Keilin (1925) concluded 
that cytochrome c is widely distributed in 
plants. Goddard (1944) extracted it and 
cytochrome oxidase from wheat embryos. 
Without question succinic dehydrogenase 
and members of the cytochrome system 
are present in some plants, but it remains 
to be determined whether or not they 
invariably occur together. In animal 
cells they appear to form a single enzyme 
complex, called succinic oxidase. 

Fumarase controls the partial reaction 
by which water and fumarate combine 
to yield J/-malate. The oxidation of 
malate to oxaloacetate is effected by the 
malic dehydrogenase, acting with DPN. 

The orderly sequence of enzymic partial 
reactions in carbohydrate catabolism 
depends upon the efficient regeneration of 
those hydrogen acceptors, for example 
DPN, TPN and cyt. c, which are present 
in low concentrations in cells (cf. p. 5). 
If a plant contains a terminal oxidase 
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similar to that in animal cells one atom 
of oxygen would be absorbed for the 
conversion cyt. H,->cyt. Future work 
must elucidate the nature of the terminal 
oxidase which effects this conversion 
in such plant cells as do not contain 
cytochrome oxidase. 

Future work must also determine the 
hydrogen acceptors which participate in 
the condensation that leads to the syn- 
thesis of C, acids, and in the decarboxyla- 
tive oxidation of «-ketoglutarate. We have 
some evidence about the aerobic enzymic 
oxidation to DPN of the DPNH, formed 
during the dehydrogenation of triose- 
phosphate to yield phosphoglycerate or 
of malate to yield oxaloacetate, and 
about the aerobic enzymic oxidation to 
TPN of the TPNH, formed during the 
dehydrogenation of isocitrate to yield 
oxalosuccinate. Whatley (1951) has found 
in leaves an enzymic factor which is 
concerned with the oxidation of TPNH,. 

According to Slater (1950) the com- 
ponents of animal DPNH, oxidase may 
be diaphorase I (a flavine enzyme), a 
factor curiously named BAL (British 
Anti-Lewisite), cyt. c, cyt. a, and cyt. a, 
(possibly identical with cyt. oxidase), i.e. 
five distinct partial reactions take place 
in the regeneration of DPN through the 
uptake of one oxygen atom. Clearly the 
continuous oxidation of triosephosphate 
or of malate is not so simple a process as 
might appear at first sight. Lockhart 
(1939) reported the presence in plants of a 
flavine enzyme which may have been 
diaphorase I, but knowledge about a 
plant oxidase involving this enzyme and 
the cytochromes is lacking. 

Higher plants may contain other ter- 
minal metallo-oxidases (e.g. polyphenol 
oxidase, ascorbic oxidase) instead of or as 
well as cytochrome oxidase. For ex- 
ample the oxygen uptake of potato may 
be largely owing to the activity of poly- 
phenol oxidase (Boswell and Whiting 
1938, Boswell 1945). According to James 
and Beevers (1950), metallo-proteins do 
not take part in the very rapid oxygen 
uptake by aroid spadices. They hint at 
the possibility that flavoproteins may be 
acting as terminal oxidases. 

Limitations of space have compelled me 
to omit many references to modern work, 
but in my view, very little has been really 


established about the functions of termina] 
oxidases in higher plants. Possible path. 
ways here, others there, have made a 
bewildering maze. If, for any organ there 
is a plan showing the direct way in, 
through and out, I have not seen it. 

(iii) The oxidative catabolism (or respira- 
tion) of carbohydrate as an integral process, 
There is justification for the abstraction 
of some processes, traditionally termed 
respiratory, from total metabolism. They 
appear to have some distinguishing pro- 
perties. Thus a gas exchange quotient, 
CO, produced/O, absorbed, approaches 
unity when carbohydrate is completely 
consumed. Moreover, there exist balance 
sheets in which CO, output and O, uptake 
are quantitatively accounted for, within 
a narrow margin, by carbohydrate loss, 
However, we do not yet possess evidence 
that, in any visible cell structure (eg. 
mitochondria), or in an extractable in- 
visible sub-cellular unit like the zymase 
complex, there exists a hierarchy of 
enzymes whose integrated action can 
effect the complete oxidation of carbo- 
hydrate. Green (1951) states that in 
animal mitochondria there may be a 
‘physical housing’ of the cyclophorase 
complex of enzymes, i.e. enzymes in- 
fluencing a complete oxidation of pyruvic 
acid, fatty acids and several amino acids 
by the tricarboxylic acid cycle; but 
evidence is still wanting of the presence in 
mitochondria of most of the enzymes 
which actuate the partial reactions of 
glycolysis. From seedlings of mung bean, 
Millerd e¢ al. (1951) have isolated particles 
possessing the dimensions of mitochondria 
and staining brilliantly with Janus Green 
B. They reported that these cytoplasmic 
particles could actuate all the reactions of 
the tricarboxylic acid cycle, and could 
effect, in the presence of malate, the com- 
plete oxidation of pyruvate with the pre- 
dicted respiratory quotient. However, 
they presented no evidence that these 
particles contained the whole assemblage 
of enzymes which actuate the partial 
reactions of glycolysis. The complete 
respiratory oxidation of carbohydrate by 
plant cells cannot yet be attributed to the 
powers of a single sub-cellular structure. 

There may be over thirty component 
partial reactions in the complete oxida- 
tive catabolism of hexose with an R.Q. 
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of unity. Obviously, potential in the 
roperties of the whole process are the 
roperties of each separate reaction. In 
some, hydrogen atoms or their electrons 
are transferred leading to oxygen uptake. 
In others carbon dioxide is produced. In 
these and other reactions there are 
energy exchanges leading to the liberation 
of heat or the harnessing in active phos- 
hate bonds of free energy to be used later 
in driving anabolic events or other cell 
processes. It has been estimated that 
well over twenty active phosphate bonds 
are incorporated into ATP molecules as a 
result of the complete oxidation of one 
molecule of hexose. 

It is possible that all the properties 
belonging to single reactions in ‘ respira- 
tion’ can be matched by those of partial 
reactions in other abstracted cell processes, 
that few physiologists would regard as 
‘respiratory.’ Certainly electron transfer 
must be a frequent occurrence in the 
metabolism of aromatic, isoprenoid and 
many other classes of compounds, and, to 
some extent, the external manifestations 
of oxygen uptake and CO, output may 
relate to partial reactions in such forms of 
metabolism. 

It is a first statement only that the 
respiration of carbohydrate controls a 
functional process, such as the absorption 
of potassium ions against a gradient. This 
first statement when analysed, leads to 
penetrative questions. In the oxidative 
catabolism of carbohydrate what are the 
partial reactions which exercise the con- 
trol and how do they operate ? Attempts 
are being made to answer these questions 
thanks to the pioneering experiments in 
1933 of Lundegardh and Burstrém on 
anion (or salt) respiration, and to still 
later work in Sweden, and also to the 
supporting evidence obtained in other 
countries, for example in recent years by 
Robertson in Australia. Steward (1932) 
reported that the accumulatory mechanism 
depends upon oxygen supply, and Hoag- 
land and Broyer (1936) found a relation 
between the sugar content and_ salt 
absorbing power of roots. The evidence 
strongly suggested that respiration pro- 
vides the energy to move salts against a 
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gradient, and so bring about accumula- 
tion. Later work led to the conclusion 
that ‘total aerobic respiration’ is not 
required, but only that part which is 
inhibited by cyanide, azide, and, accord- 
ing to Weeks and Robertson (1950), in 
some tissues (e.g. carrot) by carbon 
monoxide. This last inhibition was re- 
moved by light. Accordingly (see p. 224) 
it was concluded that in certain tissues 
‘ there may be a specific association of the 
cytochrome system in salt respiration with 
the accumulation mechanism.’ The indi- 
cations are, therefore, that the perform- 
ance of osmotic work relates to the pro- 
perties of partial reactions by which 
intermediate hydrogen carriers are re- 
generated. According to Lundegardh’s 
hypothesis (1940) the essential property is 
the separation of hydrogen ions and 
electrons. 

This single example must suffice to 
illustrate the argument that partial reac- 
tions may set up the necessary conditions 
for a physical process to occur inevitably. 
It may be predicted that, looming increas- 
ingly large in the future study of phy- 
siology, will be attempts in many direc- 
tions to relate essential nutritional and 
other functions to key partial reactions in 
total metabolism.! 
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EDUCATION OF AFRICANS IN EAST AND 
CENTRAL AFRICA 


Address by 
A. L. BINNS, C.B.E., M.C. 


PRESIDENT OF SECTION L 


I HAVE chosen a somewhat restricted title 
for this Address because even with this 
limited heading the subject is big enough, 
and also because I have recently spent 
eight months in East and Central Africa, 
whereas I have paid only shorter visits to 
North and West Africa. It may be said 
that eight months is a period all too short 
to serve as a basis for conclusive state- 
ments, and I agree, but on the other hand 
I had the advantage of seeing the situa- 
tion in East and Central Africa against 
a background of long experience in our 
own countries and other parts of the world. 
There is no doubt, I think, that there is 
far too little interchange of administrators 
and teachers between the British and 
Colonial Services. Most of those who go 
from our countries to the Colonies do so in 
the 20’s or early 30’s, and most of them 
remain in the Colonial Service until 
they retire. It is notoriously difficult 
for a man or woman to get back into a 
responsible position in our countries if he 
or she has been teaching or doing educa- 
tional administration in the Colonies for 
any considerable length of time, and few 
teachers and administrators pass from our 
countries to service in the Colonies when 
they are over forty. This appears to me 
to be a state of affairs which should be 
altered. Experienced administrators and 
teachers from our countries would be able 
to contribute a lot to the Colonies if they 
went there in sufficient numbers, while 
many of them would benefit greatly from 
some years of Colonial experience before 
settling down to work at home. The 
Ministry of Education, which has lent its 
powerful support to the system of inter- 
change of teachers between our countries 
on the one hand and the British Dominions, 


America, and European countries on the 
other hand, seems to me to be due to turn 
its attention now to the exchange of educa- 
tional workers between the home country 
and her Colonies, while Local Education 
Authorities, generally speaking, ought to 
show themselves much more willing to give 
teachers and administrators from the 
Colonies a chance to show what they can 
do in really responsible positions in the 
United Kingdom. I know there are 
several bright exceptions, but I do not 
think anyone will seriously dispute the 
validity of the general statements I have 
made. Moreover, in our usual British 
way, we have undertaken in the Colonies 
vast responsibilities for the welfare of 
many millions of people who are now 
rapidly emerging from a primitive way of 
life, and we cannot discharge these respon- 
sibilities adequately unless we send to our 
African Territories some of our best 
teachers and administrators, and unless 
we contrive to find a means of effecting 
an easy exchange of educational workers 
between the home country and the Afri- 
can territories. Recruitment of teachers 
and administrators from our countries for 
East and Central Africa is likely to prove 
increasingly difficult because the Colonial 
Office are rightly determined that quality 
shall not fall, while the needs of the 
African Territories for European teachers 
and administrators are now increasing and 
may be expected to continue to increase 
until a sufficient number of Africans have 
been trained to take over the work, and 
that will need several more years. 

One of the first things that strikes a visitor 
from Europe is the way in which African 
education is meeting with many of the 
problems with which education in our 
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countries was confronted in the past, and 
that is only one of the ways in which con- 
jderable experience of educational work 
in our countries could help the Africans. 
Asin our countries, education in East and 
Central Africa was provided by the 
Churches in many places and for many 
years before the State took a hand. Then, 
asin our countries, the State’s contributions 
were small and tentative in the beginning, 
and the State has become increasingly 
involved, sometimes unwillingly and in 
ite of its efforts to keep out. The 
Churches having entered the field with the 
same enthusiasm as in our countries, and 
having enlisted for that purpose the efforts 
of many self-sacrificing and earnest men, 
found their own success in spreading 
education to be creating a demand for 
education which they could not entirely 
meet. Increasingly the State was com- 
pelled to provide financial assistance, and 
with that financial assistance have come 
problems of control, and sometimes it has 
seemed that efficiency in secular teaching 
isat variance with religious freedom. The 
State has also found it necessary in some 
places to step in to fill the gaps left by the 
Churches in covering the country with 
schools, so that Governments and Local 
Authorities have provided schools of their 
own to supplement the Church Schools. 
Where Governments have been unwilling 
toenter the field of school provision or to 
encourage the African Local Authorities 
todo so, a number of Private Schools have 
sometimes emerged, again creating pro- 
blems similar to those in this country, for 
while some of these Private Schools are 
deserving of every encouragement, others 
are inefficient in their teaching and bad in 
other ways, and parents are undoubtedly 
failing in some instances to get value for 
the money they spend in fees, while 
the wastage of human material is even 
more serious. As in our countries, some 
of the African Governments are making 
preparations to control and inspect Pri- 
vate Schools, and as in our countries in the 
past, the relations of the Church Schools 
with the State have presented a number 
of problems, one of which is very fami- 
liar to Educational Administrators here, 
namely, the maintenance of the fabric of 
Church School buildings in a satisfactory 
condition. Other problems of African 
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education read almost like a history of 
education in the United Kingdom, for 
example, school fees, selection of children 
for higher education, transport of school 
children, school meals, school children’s 
clothing, and that problem which per- 
vades most of the others, the problem of 
how to finance the ever-increasing cost of 
the Educational Service. It will not be 
possible to do much more than mention 
some of these problems, but there are others 
which I shall try to examine at some length. 

The aim of education is generally 
agreed to be that of drawing out all that 
is best in every individual, and we are 
often told that education should make the 
individual a good citizen, a good worker, 
and should enable him to develop all the 
talents with which Heaven has blessed 
him. What is sometimes forgotten in our 
countries as in Africa is that education is 
never given in a vacuum; it is always 
given in relation with the environment of 
the child, and people must use their 
education in relation with the environ- 
ment in which they are placed in adult 
life. ‘The United Kingdom is primarily 
an industrial country with an intricate 
system of administration, not only in its 
Government but in every part of its com- 
mercial life. Administration in industry 
and commerce is everywhere required at 
the highest level of efficiency to enable our 
extremely complicated social and economic 
machine to work, while a large amount of 
technical education is needed to meet the 
demands of industry. The child leaving 
school usually has the choice of a number 
of different kinds of work, but in all of 
them his life is likely to be extremely com- 
plicated in relation with a very varied and 
highly organised environment. In Africa 
on the other hand, apart from the copper 
belt of Northern Rhodesia and a few large 
towns, life is relatively very simple and 
based on an agricultural economy. The 
Territories of East and Central Africa 
depend on their own land to nourish their 
rapidly increasing population and to 
furnish the exports necessary to pay for 
the things that must come from overseas 
to raise the standard of life. Agriculture 
is the life-blood of these ‘Territories, but 
for the most part it is now conducted by 
very primitive means which are often 
wasteful not only of the crops but of the 
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land itself, for soil erosion arising from bad 
cultivation and over-grazing is a major 
problem. The number of administrators 
required by Government and the Local 
Authorities and by industry and com- 
merce is very small compared with the 
requirements of the United Kingdom in 
this respect. The contrast between life in 
our countries and life in East and Central 
Africa is, therefoge, very marked, and yet 
the educational aims and methods of the 
schools of Africa are far too much like 
those in our countries. For example, the 
Secondary Schools of Africa usually have 
an academic curriculum, and they furnish 
excellent recruits for the African Civil 
Service, but their products do not return 
to the land, though it is the land above 
everything else in Africa which requires 
intelligent and expert knowledge to enable 
it to do its work for the people whose very 
existence depends on it. The problem is 
to adapt the essentially sound aims of 
education in the British Isles to the envi- 
ronment of Africa. The nature of that 
problem is very well understood by the 
staffs of the Education Departments of 
these Territories, who are striving hard 
to solve it, and we may profitably inquire 
why this problem is so difficult to solve. 

In the first place it must be said that the 
majority of the young teachers who have 
been recruited from the United King- 
dom for service in these parts of Africa 
have been required to possess University 
Degrees. That, one would say, is an 
excellent thing for the University Degree 
should be and generally is the hall-mark 
of scholarship, and sound scholarship is 
needed in Africa as elsewhere. On the 
other hand, many of the Graduate 
teachers in our countries are serving in 
Grammar Schools, and it is, therefore, 
from teaching service in the Grammar 
Schools of the United Kingdom that quite 
a lot of the European recruits for the 
African Educational Service have come. 
It must also be remembered that most of 
the Grammar Schools in the United King- 
dom are situated in towns, so that many 
of the European recruits have come to 
Africa from an urban environment. In 
Africa they generally begin work by 
teaching in Secondary Schools or by 
assisting in the training of teachers, and 
there is an obvious danger that their work 


may begin on urban and academic ling 
and that their African pupils and th 
future African teachers may be educated 
accordingly, and thus become malad. 
justed to their rural and agricultural 
environment. It was most noticeable 
however, that many of these young 
countrymen of ours, coming into a strange 
land and meeting the problems I haye 
described, have adapted themselves splen- 
didly to the new conditions and have 
found a way of basing sound scholarship 
on a curriculum with a rural bias. The 
work of others is undoubtedly purely 
academic, but that is not their fault but 
is due to the demands made on them by 
the Africans. It is obviously most impor. 
tant, however, that those responsible for 
recruiting young teachers in our countries 
for the African Service should always have 
in mind that the best teacher in Africa will 
usually be the man or woman who loves 
the countryside and is capable of trans. 
mitting that love to his pupils, or rather of 
causing them to catch it from him. The 
minority of Africans who will need to be 
trained as administrators for the next few 
years will be all the better if they are 
trained to administer for a rural people, 
while the great majority of the Africans 
who go to school must be educated to live 
on the land, to make the best of that 
environment as it is, and to improve it as 
rapidly as may be. Most of the European 
teachers and administrators in East and 
Central Africa fully realise this essential 
fact, and are doing their best to work in 
accordance with it. It is no fault of theirs 
that the problem is still unsolved, and we 
must look elsewhere for its main solution. 

When I was in Rhodesia a prominent 
African said to me, ‘ In this country every 
European is a teacher for the whole of his 
life, even if he does not realise that fact, 
and even if he does not mean to be a 
teacher.’ It is undoubtedly true that many 
of the Africans do consciously or un- 
consciously model themselves on_ the 


Europeans with whom they come in con- } 


tact, and it must be confessed that very 
few Europeans in these countries work 
with their hands on the land or anywhere 
else. The African who is seeking to live 
like a European is naturally led as a rule 
to imitate the external appearances before 
he grasps the real essentials of the British 
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way of life, and he finds unfortunately 
that the shortest cut to the apparent 
European level is through the possession 
of a certificate of some kind from school. 
We often complain in our countries of the 
tyranny of examinations, but the burden 
of that tyranny in African education is 
very much greater than anything we have 
experienced here in our lifetime, and it is 
the Africans themselves who have largely 
been responsible for this state of affairs in 
a misguided effort to copy Europeans 
instead of working out their own salvation 
in their own way. An African often 
values education for the knowledge it gives 
him which he can reproduce in an ex- 
amination paper, and thus obtain a certi- 
ficate which will get him a clerical job. 
In other words he values education for the 
examinable knowledge it gives him rather 
than for what it enables him to do in life. 
We cannot blame the Africans, for quite a 
lot of our own education in the United 
Kingdom has been directed to the same 
end, and we must remember that the 
African’s temptations are immeasurably 
greater than ours. In many parts of 
East and Central Africa the soil is poor 
and the climate does almost everything it 
can to discourage agriculture. Life in an 
African village is often hard, and indeed 
primitive to a degree which would appal 
our own countrymen, but if education is 
to do its proper work in Africa, as else- 
where, it must enable a great majority of 
the people to live as well as may be in 
their own land, and to improve that land 
as rapidly as possible. In Africa, as else- 
where, education can only enable a small 
minority of the people to escape from 
their environment. The problem then is 
to give the Africans a liberal education 
with sound scholarship based on the things 
that exist in the countryside, and which 
man must use in the countryside, an 
education based on agriculture and rural 
industries. Unfortunately, many Africans 
regard practical work in education as an 


, attempt to fob them off with something 


cheap and inferior, and we have to try to 
get them to realise that what we are offer- 
ing them is what will enable them to live 
well and their children to live better. We 
must get them to see that we are not 
offering a narrow vocational education 
only suitable for labourers, but an educa- 
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tion which will draw out all that is best 
in them and devote all that is best in them 
to the betterment of their own country 
and their own race. There is obviously 
no short cut to the solution of this problem, 
but I am confident that it will be solved in 
time and largely by the persevering and 
self-sacrificing efforts of administrators and 
teachers from our countries, trained in 
sound scholarship and imbued with a love 
of the African land and the people who 
dwell on it. 

You will gather that I expect it to be 
necessary to recruit for the next few years 
an increasing number of young teachers 
from the United Kingdom for service in 
Africa. At the same time I want to 
emphasise that the prime duty of these 
young teachers will be to enable the Afri- 
cans to run their own educational system as 
quickly as possible. In that connection I 
want now to spend a little time in looking 
at the typical African teacher of today. 

In the first place it must be confessed, 
I think, that his formal training usually 
has had to be much inferior to that of his 
British counterpart, a handicap which is 
often very severe. In some Territories 
there is quite a big percentage of com- 
pletely untrained teachers who have come 
straight from school into teaching gener- 
ally after an inadequate education, and 
have had to make the best they can of 
their position by learning to teach as they 
go on, and by improving their own educa- 
tion if they can find means of doing so. 
We need not be surprised at this state of 
affairs, for it is only of recent years that 
untrained teachers have ceased to be a 
serious problem in the British Isles, and a 
number of them still exist. The trained 
African teacher, however, is also usually 
handicapped by the insufficiency and 
the relative inefficiency of his training 
as compared with the teachers in our 
own countries. The Training Centres for 
Teachers in East and Central Africa are 
often small because of difficulties due to 
religion, language, and communications, 
and many of the entrants to these centres 
arrive there with an education which 
we should consider quite inadequate as a 
basis for teacher training in our countries. 
In extreme instances the African student 
may arrive at his Training Centre able only 
to speak his own tribal vernacular, and he 
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may leave the Centre able only to teach 
in that vernacular. Usually, however, 
the candidate for the teaching profession 
learns either Swahili or English as a 
lingua franca before he comes to the 
Training Centre, though almost invariably 
the greater part of his time at the Training 
Centre is taken up with the furtherance of 
his own education in English and other 
subjects, leaving only a comparatively 
short time for actual teacher training. 
Here again, we need not be surprised, for 
even in England a similar situation 
existed until fairly recently. Efforts are 
now being made by our countrymen 
engaged in the Colonial Service of Educa- 
tion to increase the size and improve the 
efficiency of Training Centres in East and 
Central Africa, and to transform them 
into real Training Colleges. The Training 
Colleges in this part of Africa can never 
be as large as those in our countries, but 
an effort is being made to make them large 
enough to provide for adequate specialist 
staff, and to enable the students to come 
into contact with lecturers of varied per- 
sonality and experience. Too often at 
present the student comes under the 
influence of only one or two lecturers, and 
inevitably copies them far too slavishly in 
many instances. There is an abundant and 
very evident need in these new countries 
for the services of experienced teacher 
trainers from our own countries who can 
demonstrate modern Activity Methods of 
teaching and enable the African teachers 
to realise that education is a much bigger 
thing than instruction, and that what 
counts in life is ability to live well rather 
than a mere store of memorised informa- 
tion. As it is, African teachers, by reason 
of their own inadequate education and 
training, tend to teach too much by formal 
class methods, and particularly by requir- 
ing their pupils to copy notes which they 
themselves have brought away from their 
Training Centres, and which the pupils 
will in due course reproduce in examina- 
tion papers. I think many of those I am 
addressing will recognise here also a process 
which is not unknown in the United King- 
dom, even though it is exacerbated in Africa. 

But I would like to tell you more about 
the typical African teacher, now that I 
have told you of the handicaps under 
which he starts. There are black sheep 


amongst them as there are in all vocations 
and in all lands, but I found most of the 
African teachers to be thoroughly cop. 
scientious and very hard-working. Quite 
often the Primary Schools have to work 
double shifts, the same teachers taking one 
class of children for half a day and a fresh 
class in the second half. The double 
teaching time adds up to 7 hours or more 
in some instances. Quite often these 
teachers work with very meagre equip. 
ment and their salaries are low by our 
standards, but I was often amazed at what 
they accomplished, and I could not help 
thinking how much more they would 
accomplish with better training and better 
facilities. Some African teachers are at 
present reluctant to accept responsibility 
or to show initiative, and that is quite 
understandable having regard to the 
handicaps I have mentioned, but on the 
other hand we met numerous examples 
in these Territories of African teachers who 
were controlling big schools with large 
staffs in them, and doing that work ex- 
tremely well. I feel sure that there are 
great possibilities in this direction, but I 
am equally sure that these possibilities 
will only be realised if we can give the 
African teacher a better start by sending 
more experienced teacher trainers from 
this country in the first place, and by 
raising the educational standards of the 
students entering the African Training 
Colleges. Here again the Africans want 
our help to enable them to stand on their 
own feet as quickly as possible. 

Having said something about the general 
aim of education in East and Central 
Africa, and something about the teachers 
who will be called on to realise that aim, 
I now devote a little of my time to 
language considered particularly as the 
medium of instruction. I have already 
mentioned incidentally that the training 
and teaching of Africans suffers to some 
extent from tribal isolation, and _ this is 
particularly true as regards language. 


Each tribe has its own vernacular, and § . 


there are a number of different language 
roots. Sometimes when the tribe is a big 
one the vernacular is current over a com- 
paratively wide area, for example, the 


Luganda language in the Kingdom of 


Buganda, and the language called Chiny- 
anja which is widely spoken in Nyasaland. 
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Sometimes neighbouring tribes are able 
to speak, or at any rate understand each 
others vernacular, and sometimes a 
Territory uses for official purposes only a 
few of the many vernacular languages 
spoken within its boundaries, in the hope 
that these few official vernaculars will in 
due course become current over the whole 
Territory. Generally speaking, however, 
it may be said that the curse of the Tower 
of Babel has descended with damaging 
effect on this part of Africa, for often 
inability to speak anything except his own 
vernacular is a great handicap to the 
African who wants to move outside the 
area of his own tribe, to engage in trade, 
to become a teacher, or even to learn in 
school. It seems evident that before real 
progress can be made every African must 
be equipped with two languages, his own 
vernacular and a lingua franca. The 
vernacular or mother tongue of the 
African should certainly be encouraged, 
for in it are the roots of his tribal traditions 
and loyalties, and it is the language he 
speaks in the home. The lingua franca 
should be current over a very wide area. 
It should be a language with a great 
literature readily available to the African 
in cheap books, and it should be a lan- 
guage widely used in commerce and 
technology. English fulfils all these re- 
quirements, and most Africans are eager 
for an opportunity to learn it. Another 
lingua franca in use in some Territories is 
Swahili. This language is derived from a 
Bantu foundation with many Arabic and 
Portuguese insertions. It has been widely 
used on the African coast for several 
generations, and it has the merit that 
Africans learn it fairly easily. On the 
other hand, it is associated in some 
African minds with slavery ; it has an 
inconsiderable literature, and is unsuited 
for use in technical education. It is really 
the vernacular of the coast, and it seems 
to me that it is so ill-suited to be a lingua 
franca that it had better be regarded 


: Simply as the vernacular of the coast. The 


importance of a lingua franca in the 
schools will be readily realised when it is 
pointed out that most of the verriacular 
languages cover such a small area that it 
1s not worth while to print school text- 

oks in them. Consequently a school in 
which the local vernacular is the medium 
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of instruction often has to work without 
any reading books at all. Moreover, of 
the Africans who go to school, the great 
majority go there for four years or less, 
and they will clearly forget all they have 
learnt and in particular they will lose the 
literacy they have gained, unless their 
schooling can be followed-up by cheap 
and abundant reading matter. The 
number of books and even of newspapers 
available in most of the vernacular 
languages is quite small, and very much 
literacy is now being lost because of the 
lack of follow-up material. I remember a 
visit to one school where Swahili was in 
use as the medium of instruction. That 
school had just been presented with a 
library room by a benefactor, and the 
African headmaster in showing us the 
room said ‘ My difficulty is going to be to 
fill those shelves. There are not enough 
books printed in Swahili in the whole 
world to fill half of them.’ That seemed 
to us a striking example of the importance 
of language in relation to the present 
situation in the schools of this part of Africa. 

I turn now to some of the difficulties of 
attendance at school which must be over- 
come by the Europeans and Africans who 
are working together in the educational 
system of these Territories. None of these 
Territories has yet sufficient school places 
available to allow school attendance to be 
made compulsory for all children, even 
with a limited age range, and in the 
absence of compulsion it is not surprising 
that attendance at school is often very 
irregular, particularly when one considers 
the difficulties which many parents and 
children have to face. Although immense 
progress has been made in opening up 
communications, much of the country is as 
yet so comparatively undeveloped and 
the distances involved are so great that 
children often have to travel a long way 
to reach a school. Sometimes during 
periods of food shortage or heavy rain 
children have to stay at home of necessity, 
and occasionally the journey to school, or 
more likely the journey home, is made 
hazardous by wild beasts. We heard 
more than one story of a little straggler 
from the main body of children being 
picked off by a lion or leopard on his way 
back home in the evening. As in our 
countries, juvenile employment often 
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competes with school attendance, and this is 
particularly marked among pastoral tribes 
where children are very useful for herding 
cattle and goats. Other tribes habitually 
employ children to keep birds, baboons, 
and wild pig off their crops. School fees 
are usually required, and these are some- 
times given as an added reason why 
children fail to complete a school course. 
School attendance has been compulsory 
in England for three-quarters of a century 
and, therefore, we have forgotten some 
of the difficulties which still beset educa- 
tors in Africa. During our travels we 
repeatedly asked administrators, chiefs, 
missionaries, and teachers, particularly 
African teachers, how long it was necessary 
to keep the average child regularly at 
school under present conditions in order 
to ensure literacy to a degree that made it 
likely to be retained in after life. Over 
90 per cent. of our witnesses told us that 
at least four years at school are required 
for that purpose under present conditions. 
We asked a further question—‘ If literacy 
is not acquired from schooling, is anything 
acquired by the average African child 
from his period at school?’ ‘In par- 
ticular, is there any background or moral 
effect?’ About three-quarters of our 
witnesses replied ‘ No, if a child does not 
get literacy he gets nothing,’ and some 
went even further and told us that in their 
opinion a child who goes to school and 
emerges illiterate quite often becomes not 
only disappointed but resentful and mal- 
adjusted, feeling that he has in some way 
been swindled. The consequences re- 
vealed by these questions and answers are 
very serious, for there is in most districts 
a very serious wastage of children during 
the first four years of school life. In one 
Territory there are over 60,000 children 
in the lowest classes of the schools, and 
less than 30,000 children in the second 
classes, and the wastage in other Terri- 
tories is often almost equally serious. Com- 
paratively few districts are able to get 
through the first four years of school life 
half the children who begin school, which 
means that according to our witnesses at 
least half the money and effort spent on 
Primary Education is completely wasted, 
and of course, the wastage of human 
material is again even more serious. 
Those responsible for government and 


particularly those responsible for educa. 
tional administration in these Territori« 
are well aware of the existence of thi 
problem, and they are trying very hard 
in co-operation with numerous African; 
to remedy this most unsatisfactory state 
of affairs, but the problem is much 
more easily described than solved. Som 
African Local Authorities have passed an 
Ordinance requiring every child who 
begins school to complete the Primary 
course of four years at least under penalty 
of fines, and some African Local Authori- 
ties are even employing attendance officers 
to enforce such Ordinances. Such coercive 
measures, however, often meet with com. 
paratively little success and at present it 
appears that methods based on _persua- 
sion and full information are likely to be 
more effective. In particular, the African 
teachers have in some places reduced 
wastage to a minimum by their personal 
influence on parents, and that appeared 
to us to be the most promising line to pur. 
sue, though administrators, particularly 
District Commissioners, African Local 
Authorities, and African Chiefs can also 
play a big part, and when their co-opera- 
tion is fully enlisted they often do so. In 
its essentials the problem I am now dis 
cussing is, of course, very much like the 
problem of inducing children in our own 
countries to complete the full course in 
Grammar Schools, and, as in the United 
Kingdom, the problem is not likely to be 
fully solved until parents are sufficiently 
enlightened to realise all its implications. 
What makes the problem so extremely 
serious in these parts of Africa is the 
emphatic statement of our witnesses that 
less than four years at school gives a child 
nothing at all, but I feel sure that here 
again the problem will be solved in due 
course by the united efforts of our own 
countrymen and the Africans working 
together. Moreover, there are now certain 
progressive districts in East and Central 
Africa where the amount of school pro- 


vision will soon be sufficient to enable the 


four years Primary course at any rate to 
be made compulsory. It will, however, be 
necessary to proceed district by district 
in this matter because some districts wil 
certainly lag far behind because of the 
backwardness of their peoples or tht 
natural difficulties of the country, and 
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we have learnt from our own experience 
of Day Continuation Schools in 1920 and 
the following years how difficult it is to 
enforce attendance in one area while 
leaving it optional in others. It is par- 
ticularly urgent, however, to enforce 
school attendance in the large urban 
areas of these parts of Africa, for it’ is in 
those areas that the African is required 
to make the most sudden and violent 
adjustments to fit in with his new environ- 
ment, and it is in those areas that young 
people are at present subject to the severest 
temptations resulting in juvenile delin- 
quency on a large scale ; again a problem 
with which we are grappling in our own 
countries. In some parts of the copper belt 
of Northern Rhodesia numbers of children 
have become permanently separated from 
their homes and families and are leading 
a vagrant and irresponsible life. The 
Authorities concerned are mustering all 
their resources to deal with this situation, 
but compulsory school attendance, as soon 
asit can be fully provided for and enforced, 
islikely to prove the most effective solution. 

This leads me to the next part of my 
subject, namely, the general question of 
morality among young people in these 
Territories. Contrary to general belief in 
the United Kingdom, the tribal structure 
in these parts of Africa included a very 
definite and on the whole valuable moral 
code which was sometimes definitely for- 
mulated by the Elders of the tribe, but 
always existent and strictly enforced. By 
these tribal codes an individual was bound 
to behave as a loyal member of a com- 
munity with his rights and duties alike 
defined for him and deeply ingrained in 
him both by precept and example. Civili- 
sation, however, with its opening up of 
communications, its encouragement of 
migration, its trade and commerce, its 
cinemas and its wireless, and all its new 
alignments and orientations, is rapidly 
breaking up the old tribal system of these 


» parts of Africa, and the old tribal codes 


of conduct are rapidly receding into the 
background. There are still some people 
In our country who tell us that it is a mis- 
take to educate the African; that he is 
happiest in his native ignorance and should 
be allowed to remain in that condition. 
Apart altogether from considerations of 
religion and humanity, the advice thus 
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given is based on a complete misunder- 
standing of the position. It is out of the 
question to leave the African alone, for 
civilisation has already altered his situa- 
tion out of all resemblance to that of even 
twenty-five years ago and the process is 
continuous. If the formative influences 
of education are not brought to bear on 
the African there is a real danger that the 
disruptive influences which the white 
man’s ways always bring into African life 
will bring about progressive demoralisa- 
tion. In fact, it is no exaggeration to say 
that the situation really resolves itself into 
a race between education on the one hand 
and disruption on the other. Personally, 
I believe that no moral code that is worthy 
of the name can be built except on a basis 
of deep and sincere religious belief, and 
therefore, I most earnestly hope for a 
widespread system of education based on 
religion. Even those who would disagree 
with me here will have to admit, I think, 
that the peoples of these Territories must 
be educated in the best sense of that word, 
and as quickly as possible if disaster is to 
be avoided. I would like to see Govern- 
ment putting all its authority and all pos- 
sible effort behind the Churches to ensure 
that a really sound religious education is 
made the foundation of a widespread and 
efficient system of schooling whether the 
schools are provided by Governments, 
Local Authorities, or Missions. 

I have already referred incidentally to 
the problem of finance, which pervades 
all others in these countries as in our own. 
In the United Kingdom the Central 
Government raises by taxes, I am told, 
over £80 per head of the population. In 
Northern Rhodesia the revenue of the 
Central Government approaches £10 per 
head of the population, but in Nyasaland, 
for example, the corresponding figure is 
only just over £1 per head, and the other 
Territories all raise less than £10 per head 
of the population, and most of them con- 
siderably less, by central taxation. In 
some Territories the African Local Author- 
ities also raise a certain amount of money 
just as the Local Authorities do in England, 
though not nearly so much. It will be 
realised that these African Territories are 
very poor at present by our standards, and 
that an increase of productivity and a 
development of their natural resources is 
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essential if their social services are to be 
greatly expanded. It will also have been 
realised, however, that any considerable 
increase of agricultural productivity must 
depend on the right education, and thus 
we have the makings of a vicious circle. 

I will not pose as a financier, but it 
seems quite clear to me, and I hope it will 
be generally accepted, that these young 
countries can scarcely be expected to 
finance the immense developments which 
they need from their present limited 
resources. Grants made under the Colo- 
nial Development and Welfare Acts have 
already helped a lot, but they have not 
proved sufficient to break effectively into 
the vicious circle which I have indi- 
cated above. For various reasons it is 
difficult for these undeveloped countries 
to raise substantial loans, though it seems 
to me that they will be fully justified if 
they can do so, in financing much of 
their expenditure on development from 
loan, since the advantages accruing from 
present-day expansion will benefit future 
generations in these Territories when the 
population will be larger and the pro- 
ductivity much greater, so that repayment 
of any loans now 1aised should fall upon 
a more numerous and richer people. 
Perhaps we could best help the Africans 
for the time being by a system of guaran- 
teed loans to enable them greatly to extend 
their educational provision, including 
technical and agricultural education, soil 
conservation, forestry, and animal hus- 
bandry. Apart altogether from technical 
education widespread primary education 
would undoubtedly help to increase pro- 
ductivity immediately, for one Agricultural 
Officer said to me, ‘ If only the Africans 
in my district could read a simple notice 
I could reach so many more of them than 
I can influence now.’ That man had 
gained the confidence of the Africans in 
his area, but his means of communicating 
with them were limited to an extent which 
is difficult for us to imagine by lack of 
literacy and by difficulties of vernacular. 

Most of this Address has been devoted 
to a description of the vast amount of 
work we still have to do to enable the 
Africans to stand on their own feet and 
become effective partners with us in these 
new countries, but I want to close on 
another note. In most of these lands the 


educational work of the Missionaries has 
only been sufficiently extensive to make 
any real impression for some thirty or forty 
years, while the connection of Govern. 
ment with education is even more recent 
and in some Territories has only made 
itself massively felt since the last war. Our 
countrymen in these parts of Africa are 
few in number, and their resources are 
very small by our standards. It is true to 
say, I think, that never in the history of 
education has so much been done by so 
few in such a short time, and with such 
limited resources. I would like to assure 
those of you who have not been to Africa 
that we have every reason to be proud of 
what the Missionaries and the Colonial 
Service have accomplished. My col- 
leagues and I have tried to make some 
constructive suggestions for future de- 
velopment in the Report which we have 
made to the Governments concerned, but 
our overwhelming feeling is one of respect- 
ful admiration for the ability, hard work, 
and self-sacrifice of our countrymen in 
these lands, and admiration also for the 
great mass of Africans amongst whom 
they have worked, and who in many 
instances are making a magnificent re- 
sponse. It would be idle to deny that there 
is a certain amount of political agitation 
among the Africans. ‘Taking into account 
the large amount of freedom which we 
British allow, it would be amazing if no 
grumbles were heard, and it is undoubtedly 
right that anybody who wants to grumble 
should be allowed to do so. On the other 
hand, I was immensely impressed by the 
smallness of the numbers of those who are 
making a living by deliberately creating 
ill-will. Where such persons are success- 
ful their success is almost always based on 
ignorance. Goodwill already exists on 
all sides and in plenty, and everywhere 
ignorance is the chief foe and the chief 
deterrent to progress. Widespread educa- 
tion of the right kind will prove the 
salvation of these Territories and _ the 


solution of many of their problems. It § 


will enable their peoples to raise the 

standard of their living, to adjust themselves 

to new conditions, increasingly to export 

their produce to the rest of the world, 

increasingly to govern themselves and 

progressively to raise their moral stature.' 
1 Delivered Sept. 5, 1952. 
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BRITAIN’S FOOD SUPPLIES 


Address by 
Dr. N. C. WRIGHT 


PRESIDENT OF SECTION M 


Ar the Inaugural Meeting of this Section 
in 1912 the late Sir Thomas Middleton, 
who was the first of my predecessors in the 
Presidential Chair but who was at the time 
an Assistant Secretary in the Board of 
Agriculture, prefaced his Address with the 
following words :— 

‘A President of a Section is expected to 
speak about his own work ; but mine belongs 
to that category which many people seem 
anxious to learn about before it has been made 
public, and in which nobody is particularly 
interested once, in buff or blue or white garb, 
it = been issued by His Majesty’s Stationery 
Office. 


Sir Thomas therefore prudently avoided 
dealing with current agricultural affairs 
and devoted his Address to a stimulating 
exposition of the work of the early associa- 
tions for promoting agriculture and, as he 
put it, for ‘improving the improver.’ 
Although I find myself in the same 
dilemma I have eschewed his caution and 
have set myself the task (albeit still, I fear, 
within the ambit of official publications 
and pronouncements) of reviewing the 
past trends and present position of the 
nation’s food supplies. I have done this 
for three reasons. First, because it seems 
appropriate at a meeting held in Belfast 
to review some of the outstanding achieve- 
ments of British agriculture, to which 
Northern Ireland has made such not- 
able contributions both materially and 
administratively ; second, because in 
implementing these achievements, and 
indeed in the parallel task of planning 
the nation’s overseas procurement policy, 
advancements scientific knowledge 
(which form the cardinal feature of the 
Association’s interests) have played a vital 
Part ; and third, because the importance 
of our food supplies, and in particular the 
Importance of increasing still further the 


home output of agricultural products, has 
never been so great or so universally 
recognised, and the lessons to be learnt 
from recent past experience never, there- 
fore, so relevant. 

It is, I feel, particularly appropriate 
that this Section should be used as a 
forum for a survey of the nation’s food 
supplies, for the Association has always 
taken a leading part in relating nutri- 
tional needs to national life. To go no 
further back than 1880, the Association 
broke new ground by appointing a Com- 
mittee whose terms of reference were ‘ to 
inquire into . . . the present appropria- 
tion of wages and other sources of income 
and to consider how far these are con- 
sonant with the economic progress of the 
people of the United Kingdom.’ This 
inquiry resulted in a pioneer survey of 
national expenditure, in which expendi- 
ture on food was given pride of place. 
The Report of the Committee has, in- 
deed, since been commonly used as an 
appropriate starting-point for discussions 
on the nation’s food requirements and 
supplies. 

The Belfast meetings of the Association 
have themselves been especially notable 
for the interest displayed in food and 
feeding. At the meeting held here one 
hundred years ago, J. B. Lawes and J. H. 
Gilbert contributed an outstanding paper 
on the composition of foods in which they 
showed that prime importance should be 
attached to the energy, or calorie value, 
of the food intake. While their experi- 
ments were mainly conducted on sheep 
and pigs, they referred to confirmatory 
trials carried out on ‘ hunting horses, fox- 
hounds, pugilists and runners.’ It is 
significant to note that their conclusions, 
secured by observations on such a galaxy 
of sporting talent are, within the limits of 
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nutritional knowledge then available, 
largely in harmony with the most modern 
concepts of human food requirements. 

Fifty years later Professor H. E. Arm- 
strong, in his Presidential Address to the 
Section of Educational Science at the 
1902 Belfast meeting, confirmed these 
views in his inimitable way. 


* I may take food’, he stated, ‘ as another sub- 
ject of which we fail to discern the importance 
and which is outside the schoolmaster’s ken— 
although teachers have stomachs as well as 
other men, and boys in particular are believed 
to take some interest in that organ. The subject 
of food is but a variant on that of energy, for the food 
we take is mainly of value as the source of energy we 
expend. ....” 


to which he incidentally added, in typical 
Armstrong fashion and as a plea for the 
inclusion of cookery in the school curri- 
culum, 


‘ From food to the preparation of food is an 
easy step ; in point of fact the knowledge of 
how to prepare food is of far more importance 
than any knowledge of what food is or does, as 
on it depends much of the happiness and health 
of mankind.’ 


Most of us would not, I think, be prepared 
to go the whole way with Armstrong ; 
knowledge acquired since his day has 
indicated the need for choosing the right 
foods as well as for serving them tastefully. 
But his two main contentions embody 
principles to which most students of nutri- 
tion would subscribe—that the energy 
content of the diet is its most important 
single attribute, and that the palata- 
bility and attractiveness of foods are pre- 
requisites to their adequate consumption. 

At the same meeting Dr. Edwin 
Cannan, in his Presidential Address to 
the Section of Economic Science, stressed 
the importance of another problem touch- 
ing on the nation’s food supplies. He 
referred to the rapidly expanding urban 
areas where, he said, ‘ the population are 
so packed that they cannot grow anything 
for their own consumption ; yet every 
morning their food arrives with unfailing 
regularity, so that all but an infinitesimal 
fraction would be extremely surprised if 
they did not find their breakfast to hand. 
It is clear,’ added Dr. Cannan, ‘ that 
there is in existence some machinery of 
procurement which, in spite of occasional 
failures here and there, does its work on 


the whole with extraordinary success’ 
Dr. Cannan, speaking in a period of free 
world trade, attributed this success to 
economic incentives; it is one of the 
problems of our own era to achieve equal 
success in the face of even greater 
urban concentrations of the population, 
in a period of increasing food shortages, 
and in conditions of acute currency 
disequilibrium. 

It was, again, at the 1902 Belfast meet. 
ing that the Council of the Association 
appointed a Committee under the Chair. 
manship of Professor C. S. Sherrington 
(who, as Sir Charles Sherrington, was 
subsequently to occupy the Presidential 
Chair) to report on ‘the conditions of 
health essential to the carrying on of the 
work of instruction in schools.’ It is 
significant that among the eight criteria 
selected by the Committee as appropriate 
for consideration, bodily nourishment was 
placed first on the list. 

I have deviated somewhat from the 
main theme of my Address in order to 
show the degree of interest in nutritional 
matters taken by members of this Associa- 
tion up to the date of the last Belfast 
meeting. A milestone in the Association’s 
history, so far as food production interests 
are concerned, was taken ten years later, 
when the present Agricultural Section 
was inaugurated. It might have been 
anticipated that the establishment of the 
new Section would have been reflected ina 
greatly quickened interest in the relation of 
home agricultural production to national 
nutrition. This expectation has not been 
fulfilled. It is true that at the inaugural 
meeting Sir Henry Rew contributed a 
paper on the sources of the nation’s food 
supply, and that he followed this three 
years later by a Presidential Address under 
the title of ‘ Farming and Food Supplies 
in Time of War.’ Thereafter while the 
Presidential Addresses to the Section have 
covered a wide range of subjects, each of 
which has been germane to some indi- 
vidual aspect of the country’s agricultural 
production, few if any (so far as I can 
trace) have dealt with the wider aspect of 
the relation of the country’s total food 
supplies to its total needs. I should 
hasten to add that this shortcoming (if so 
it may be termed) does not apply to the 
consideration of world food needs. Ever 
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since the Presidential Address given to the 
Association in 1898 by Sir William 
Crookes (an Address which Sir John 
Russell characterised as ‘ one of the most 
momentous the Association has ever 
heard’) there has been continuous in- 
terest in the world picture. In our own 
Section Sir Daniel Hall dealt in his Presi- 
dential Addresses in 1914 and 1926 with 
the subjects of land usage and population 
pressure, in 1920 Sir Frederick Keeble 
discussed the relationship between popula- 
tio and cropping intensity, in 1929 Sir 
Robert Greig reviewed Commonwealth 
agricultural production, and in 1948 Dr. 
G. Scott Robertson chose for the title of 
his Address that of ‘ Agriculture and the 
World Food Problem.’ ‘These surveys 
culminated in the masterly review of 
‘World Population and World Food 
Supplies,’ which formed the subject of 
Sir John Russell’s Presidential Address 
to the Association four years ago. In the 
light of this interest in the world picture, 
it is surprising that we have devoted so 
little attention to our own national needs 
and to the ways in which these have been 
met. 

I do not propose in the present Address 
to attempt any detailed historical picture 
of Britain’s food supplies, but rather to 
deal with recent trends and problems. 
Nevertheless it will be desirable at least 
to summarise briefly the general back- 
ground to the immediate pre-war position. 

During the nineteenth century our sub- 
stantial industrial development had made 
it possible for us to draw to a greatly 
increased extent on overseas sources for 
the supplies of food needed for our rapidly 
expanding population. Between 1840 and 
1880, for instance, our imports of sugar 
had increased fourfold, our imports of 
wheat fivefold, and our imports of butter, 
cheese and eggs nearly sevenfold. Our 
imports of bacon had risen from nil to 
nearly 16 lb. per head per year, and only 
the lack of development of refrigerated 


j transport had prevented our carcase meat 


supplies from showing a similar striking 
increase. In the fifty years between 1880 
and the 1930’s this trend had continued, 
with only a slight reverse during 1914— 
1918, until in the immediate pre-war 
years we depended on imports to the ex- 
tent of some 70 per cent. of the calorie 
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value of our total food supplies. The extent 
of this dependence varied, of course, with 
different commodities. It was highest for 
cereals, which could be produced cheaply 
on the extensively farmed areas of the New 
World, and for such crops as sugar, oil- 
seeds and nuts, and citrus fruits, for the 
production of which a tropical climate is 
favourable. Thus we imported 88 per 
cent. of our wheat and flour, 84 per cent. 
of our sugar and of our fats and oils, 
75 per cent. of our fruit and nearly 70 per 
cent. of our animal feeds. Our depend- 
ence on imports was less marked, though 
still high, for animal products, where our 
mixed farming methods and favourable 
grazing climate placed us on a more com- 
petitive basis with overseas producers. 
Thus our imports of animal products 
varied from 75 per cent. for cheese and 
66 per cent. for bacon to 50 per cent. for 
carcase meat and 35 per cent. for eggs. 
Our dependence on imports was lowest 
for those foods which are highly perishable, 
such as milk, potatoes and vegetables, 
where we relied almost wholly on home 
production. 

It was, of course, largely due to the 
exceptionally high import figures which 
I have just quoted that we were able to 
enjoy such a remarkably varied diet in 
the immediate pre-war years in spite of the 
theoretically high population pressure on 
the land. ‘Thus, in spite of a population 
increase of practically 50 per cent. between 
1880 and the 1930’s, our consumption 
of meat per head per year had increased 
from 90 to about 130 Ib., of fats from 12 lb. 
to nearly 50, of eggs from 11 Ib. to nearly 
30, and of sugar from about 70 lb. to 
nearly 110. At the same time we had 
reduced our consumption of both flour 
and potatoes from just under 300 Ib. to 
just under 200 lb. These changes had, 
however, been paralleled by a regression 
in our home output of food. ‘Total arable 
acreage had fallen by a third, wheat by 
a half, barley by two-thirds and field 
beans by three-quarters. And although 
there was some compensating expansion 
in the cattle population (which was itself 
partly offset by a reduction in the number 
of sheep), this amounted only to about 
33 per cent. over the 1880 level—compared 
with an increase of more than 100 per 
cent. in the total consumption of meat. 
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These figures may be taken as some indi- 
cation of the degree to which, in the 
immediate pre-war years, we had allowed 
ourselves to become dependent on food 
supplies from overseas, and of the extent 
to which we had neglected the food 
producing potentialities of our own land. 
The outbreak of war in 1939 brought 
us up against these hard realities. It 
became clear that shipping difficulties 
would constitute the most immediate and 
the most serious menace to our food posi- 
tion. The extent of the reduction which 
took place in food shipments during the 
war is not perhaps always realised. 
Before the war such shipments (including 
both human foods and animal feeds) 
amounted to an annual total of over 
22 million tons. By 1940 this had fallen 
to 19 million tons, by 1941 to 15 million 
tons, and for the period 1942 to 1944 
to about 11 million tons—barely half the 
pre-war figure. Against this background 
of drastically reduced overseas shipments 
we had, if we were to sustain the war 
effort, to provide food supplies adequate 
to ensure the maintenance of the health, 
morale and productive capacity of a 
population of very nearly 50 millions. 
From the nutritional aspect I think 
I might summarise the three main objec- 
tives in the planning of our war-time food 
supplies in the following terms :—First, 
to ensure that the population were pro- 
vided with adequate energy-producing 
foods—that is to say, to ensure an adequate 
calorie level in the diet. This has been 
shown repeatedly (ever since the out- 
standing work of Lawes and Gilbert to 
which I have already made reference) to 
be the most important single factor in 
maintaining a nation’s morale and work- 
ing efficiency. Second, to furnish adequate 
supplies of ‘ protective ’ foods, not merely 
as a means of safeguarding general health, 
but of meeting the special nutritional 
needs of certain particularly vulnerable 
groups. And third, so far as possible to 
provide, within the resources available, 
a diet which was reasonably varied and 
palatable, since the amount of food con- 
sumed, and therefore its effectiveness in 
ensuring the maintenance of the nation’s 
morale and working efficiency depends 
(again as Armstrong had so clearly indi- 
cated) ultimately on its acceptability by 
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the population. I propose to deal with 
these three objectives seriatim. 

The most important step towards attain. 
ing the first nutritional objective, that of 
ensuring an adequate calorie level in the 
diet, was to re-orientate our home agri. 
cultural policy in such a way as to increage 
very substantially the acreage under 
arable crops. The primary purpose of 
this re-orientation was to produce the 
maximum practicable output of calories for 
direct human consumption. Consequentl 
the area under wheat, which in 1880 had 
stood at 3? million acres but which by 1934 
1938 had fallen by nearly 2 million acres, 
was increased until, by 1943, it had again 
all but reached the 1880 figure. The area 
under potatoes was similarly increased 
from a pre-war level of about ? million 
acres to nearly double this figure, while 
sugar-beet (the production of which had 
been substantially increased before the 
war, in part at least as a defence measure) 
was raised by a third up to a figure which 
allowed our existing beet factories to 
run to full capacity. Simultaneously the 
numbers of pigs and poultry which, as 
large cereal consumers, are not only 
direct competitors with man for food but 
which waste, in the process of conversion, 
nearly six-sevenths of the calories con- 
sumed, were substantially reduced. It 1s 
true that to offset the very drastic cuts in 
imported feeds the areas under oats, 
barley and beans were, like wheat and 
potatoes, markedly increased ; the ten- 
dency was, however, to divert these feeds 
to ruminants, and particularly to dairy 
stock, which were capable not only of 
securing the bulk of their nutrients from 
the available grass and coarser fodders, 
but of furnishing as an end-product a food 
of specially high ‘ protective ’ value. 

An increase in the consumption of 
liquid milk constituted, indeed, one of the 
chief means of maintaining the supply of 
‘ protective’ foods which I have noted 
as the second nutritional objective of our wat- 


time food policy. The war-time main- § 


tenance of milk production was itself no 
mean feat in view of the curtailed grass- 
land acreage, the reduced availability of 
the most suitable cattle feeds, and the 
shortage of skilled farm labour. By 1 
creased sales off farms and the planned 
diversion of milk from manufacture to the 
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liquid market the quantity available for 
direct consumption was, however, raised 
from the pre-war level of 820 million 
gallons to over 1,200 million gallons—an 
increase Of practically one-half. Simul- 
taneously, and particularly to ensure that 
this increase found its way to the more 
vulnerable groups, the sale of milk was 
highly subsidised, both generally and by 
special incentives under the National 
milk and the milk-in-schools schemes. 
In this respect the policy in the Second 
World War differed fundamentally from 
that in the First, when the essential nature 
of ‘ protective ’ foods was still unrecog- 
nised and milk consumption was allowed 
to fall by 25 per cent. But other steps 
were also necessary to maintain the sup- 
plies of ‘ protective’ foods. ‘The drastic 
cuts in citrus imports had markedly 
reduced one of our more important pre- 
war sources of vitamin C, while supplies 
of vitamin A had been curtailed by 
similar drastic cuts in butter. To offset 
these substantial losses steps were taken 
to increase the acreages of compensat- 
ing vegetable crops. The areas under 
greens were doubled, under carrots nearly 
trebled, and under tomatoes quadrupled. 
Perhaps I should add that the acreage 
under hops, which also provide a_ pro- 
tective (or at least a palatable) product 
was also slightly raised! ‘These acreage 
changes were, moreover, supplemented by 
other steps to increase the ‘ protective ’ 
value of the nation’s staple foods, notably 
by raising the extraction rate of wheat 
(a step enforced by supply difficulties, but 
which resulted in a more nutritious loaf) 
and its reinforcement with added calcium, 
and the addition of vitamins to margarine 
which, as a result of the butter shortage, 
had become an increasingly important 
source of fat. 

The third nutritional objective, to furnish the 
available nutrients in a form which would 
be acceptable to the population, assumed 
increasing importance as the diet became 
increasingly monotonous and ‘ starchy ’ in 
character. Before the war some 34 per 
cent. of our total calories were derived 
from grain and potatoes, by mid-war this 
figure had risen to 43. On the other hand, 
before the war, meat, fish, eggs, and fats 
furnished 37 per cent. of the total calories ; 
by mid-war this figure had been reduced 


M.—Agriculture 


to 30. Such changes may not appear 
large when compared with the differences 
between, for instance, typical Western 
and Eastern diets. Nevertheless, in terms 
of the pattern of meals which the Western 
housewife is accustomed to serve, they were 
sufficiently significant to necessitate pal- 
liative measures. These measures took a 
threefold form. First, steps were taken 
so to adjust the country’s import pro- 
gramme that this would include a higher 
proportion of the more palatable and con- 
centrated foods. Thus, increasing quanti- 
ties of canned meats and fish, pork and 
bacon, cheese and (at a great saving in 
shipping space) dried egg and dried milk 
were imported, chiefly from the United 
States and Canada and largely as Lend- 
Lease shipments. The special value of 
these shipments is illustrated in the fact 
that whereas, by 1944, they furnished 
10 per cent. of the total calories of our 
diet, they provided no less than 18 per 
cent. of the animal protein and 20 per 
cent. of the fat. Second, particular atten- 
tion was given to the provision of attrac- 
tive ‘ spreads’ by the selective allocations 
of scarce ingredients, notably by specially 
high allocations of sugar for jam and other 
preserves. At the same time the food 
manufacturing industries took all prac- 
ticable steps to ‘ extend ’ their allocations 
in such a way as to produce the maximum 
output of cake confectionery and similar 
variants of the diet. Third, encourage- 
ment was given to the increased home 
production of the more highly flavoured 
crops. Of these, onions were the most 
notable example, the area under cultiva- 
tion being increased from a_ pre-war 
figure of some 2,000 acres to over 16,000 
acres in 1944, 

I am only too well aware that, in 
attempting to list some of the more im- 
portant measures adopted to implement 
the three main nutritional objectives of our 
food production and procurement pro- 
grammes, I have over-simplified what is in 
fact an extremely complex picture, and 
that I have omitted to make reference 
either to the broad political and inter- 
national considerations which finally gov- 
erned the nation’s food policies or to 
the administrative machinery which was 
essential to their implementation. My 
object has, however, been rather to 
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indicate, sometimes in very broad outline 
and sometimes by reference to seemingly 
minor detail, that nutritional considera- 
tions did play a vital part in ensuring the 
adequacy of the nation’s war-time diet. 
The extent to which these objectives were 
achieved may be judged by reference to 
the figures for the nutrient content of the 
diet between 1939 and 1944. Pre-war food 
supplies had furnished a national average 
of 3,000 calories per head per day. The 
initial result of the impact of war was to 
reduce this figure to levels between 2,800 
and 2,820—levels which are below what 
we now recognise to be desirable for the 
maintenance of a nation’s full working 
efficiency. Nevertheless, as the measures 
taken to raise home production and to 
re-orientate our overseas procurement 
policy took effect, the calorie level rose 
until, by 1944, it actually exceeded the 
pre-war figure. Parallel with this im- 
provement, indeed in some respects pre- 
ceding it, there were all-round improve- 
ments in the levels of the individual 
nutrients of the diet above those of the 
pre-war period. Thus the total protein 
content of the diet rose from 80 to 87 g. 
per head per day, the calcium (of which, 
on the basis of accepted requirements, 
there had been an overall deficiency in the 
immediate pre-war years) increased from 
under 700 mg. to over 1,000 mg. per head 
per day, and there were correspondingly 
favourable increases in the levels of iron, 
of vitamin C, and of the vitamins of the 
B complex, the pre-war intakes of which 
had in most instances been marginal. 
From the nutritiona] aspect these figures 
indicated therefore not merely the main- 
tenance of, but substantial improvements 
over, pre-war levels. 

The measure of the contribution of 
British agriculture to these improvements 
is reflected in the fact that they were 
achieved in spite of drastic cuts in our 
import programme. Thus we had to 
face a reduction in wheat imports of 
2 million tons, in edible grains and pulses 
of a million tons, in sugar of well over a 
million tons, in fruits and vegetables of 
some 2 million tons and in animal feeds of 
no less than 5 million tons. To compensate 
for these losses we produced at home a 
million and a half tons more wheat, a 
million tons more beet, a million tons more 


oats and barley, over a million tons more 
fruit and vegetables and practically 5 mi. 
lion tons more potatoes. Nevertheless, in 
spite of these vast increases in output, it is 
pertinent to note that we only raised our 
home contribution to the nation’s total 
food supply (as measured in terms of 
calories consumed by the population) by 
one-third, i.e. from 30 to 40 per cent, 
which gives an indication of the stupen- 
dous effort that would be entailed in 
achieving a really substantial measure of 
self-sufficiency in food. 

Moreover, these increases were only 
achieved at great sacrifices to our live- 
stock industry. The pig population was 
more than halved, poultry were reduced 
by a third and intensive poultry keeping 
virtually eliminated, sheep were reduced 
by a fifth and were (as a result of the sub- 
sequent severe winter of 1946) to reach the 
lowest recorded figure for more than a 
century and a half. Only milking cattle 
showed any expansion, but even so at the 
cost of a decrease in the supplies of home- 
killed beef. 

I have already stated that throughout 
the war the outstanding problems of food 
procurement were due to shipping short- 
ages. The immediate post-war period 
brought the nation face to face with new 
but no less urgent problems, though of a 
different nature. The first effect of the 
cessation of war was to create greatly 
increased demands on the world’s avail- 
able food surpluses to meet the urgent 
needs of the liberated, but agriculturally 
disorganised, areas of Europe and the 
Far East. Superimposed on these sudden 
and substantial post-war demands on 
supplies hitherto freely available to us, 
this country had in 1945 to face the further 
serious problem of the end of Lend-Lease 
aid, on which we had relied so largely for 
our war-time food. 

To have met these dual problems by 
reducing either the quantity or the quality 
of the national diet would, to say the least, 
have been to involve ourselves in a con- 
stantly descending standard of living, 
since a high level of industrial productivity 
can, particularly under peace-time condi- 
tions, only be anticipated if there is both 
an adequate and an acceptable food 
intake. Since we had been forced during 
the war to rely largely on imports for our 
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supplies of animal products, and since 
these represented a most expensive drain 
on our currency, and particularly our 
dollar resources, the main objective of the 
1947 Agricultural Expansion Programme 
was to re-expand our livestock industry, 
but to do so on the basis of substantially 
increased dependence on home-produced 
anima) feeds and without any appreciable 
reduction in our total self-sufficiency. 
Only by this means could we hope to 
maintain the level of our war-time con- 
tribution to the country’s food supplies, 
while simultaneously providing the popu- 
lation with the type of diet to which it was 
accustomed and which was considered 
essential to the maintenance of national 
well-being. 

This task, and the extent to which it 
has since been achieved, can perhaps be 
stated most concisely by considering side 
by side the contributions made by British 
agriculture to the energy value of the diet 
(in terms of calorie content) and to the net 
output from the land (in terms of monetary 
value). Between 1939 and 1943-44 the 
contribution of home production to the 
calorie content of the diet had, as I have 
already indicated, increased by about one- 
third. On the other hand, during the 
same period net output, measured at con- 
stant prices, had increased by only about 
afifth to a quarter above the pre-war level. 
By 1950 although the calorie contribution 
had been maintained at the same raised 
figure, the net output had increased to 
over two-fifths above the pre-war level. 
Thus while the re-orientation of British 
agriculture during the war involved an 
expansion in home-produced calories at 
the relative expense of the net value of our 
agricultural output, in the post-war years 
a substantial increase in net value was 
achieved without any proportionate loss 
in calories, i.e. in overall self-sufficiency. 

This picture might be easier to ap- 
preciate by reference to individual com- 
modities. By 1950 our production of 
wheat was still a million tons higher than 
pre-war, our potato output was nearly 
twice as high, and our sugar-beet was over 
half as high again. Our beef production 
was slightly higher than in the pre-war 
years and our egg production substantially 
higher. Although the output of pigmeat 
still fell short of the pre-war figure, it had 
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doubled since the worst war years, and the 
recovery of mutton had only been delayed 
by the disastrous winter of 1946. Simul- 
taneously the production of milk had 
shown consistent annual expansion and 
had, by 1950, risen to 30 per cent. above 
its pre-war level. These increases in the 
output of livestock products were secured 
on a grassland area which was nearly 
5 million acres Jess than in the pre-war 
years. Moreover, although the imports 
of feeding-stuffs had increased since the 
mid-war period, they still represented only 
about one-third of those pre-war, the 
difference being largely bridged by pro- 
portionate increases in the home produc- 
tion of coarse grains and the conservation 
of grass herbage for winter use. 

It would be misleading to ascribe to 
these increases in home production the 
whole of the improvement which took 
place in the diet between the mid-war 
years and 1950. Nevertheless, although 
it is true that the imports of a number of 
commodities had been substantially in- 
creased, few had reached and still fewer 
had exceeded the pre-war level. It 
should, moreover, be pointed out that 
between 1939 and 1950 there was an 
increase in our population of some 
24 million for whom additional food had 
to be secured. 

It is therefore in large measure a 
tribute to our home agriculture that 
within five years of the end of the war the 
diet not only showed a marked improve- 
ment in comparison with the mid-war 
years but that in all but two commodities, 
meat and sugar, it stood comparison with 
the pre-war levels, and in respect of two 
commodities, milk and eggs, surpassed 
them. The diet showed, too, a welcome 
return to a less ‘ starchy’ pattern and to 
greater variety and acceptability. Simul- 
taneously it had preserved the higher 
nutrient content which was such an 
outstanding feature of the war-time years. 

I have already indicated that the largest 
single factor responsible for the war-time 
increase in our food supplies was the 
change in land usage to a pattern which 
yielded maximum nutrients for direct 
human consumption. Equally the post- 
war expansion derived its success mainly 
from the superimposition on this pattern 
of an expanded livestock population 
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deriving its nutrients largely from home- 
grown feeds. These re-orientations in 
agricultural pattern were, however, accom- 
panied by technical improvements in 
agricultural practice which were designed 
to increase both yield and productive 
efficiency. Without attempting to deal 
with each in detail it would, I think, be 
fitting at a meeting of this Association, 
which is so closely concerned with the 
applications of new scientific knowledge, 
to refer at least briefly to some of them, 
preferably in quantitative terms. 

First, our agricultural output was aided 
by very substantia] increases in fertiliser 
usage. Nitrogen usage, which in 1939 
stood at 60,000 tons, increased to 180,000 
tons by 1944 and to 220,000 tons by 1950. 
Over the same periods the tonnages of 
phosphates, potash and lime showed 
parallel increases, being roughly doubled 
by 1944 and trebled by 1950. Moreover, 
not only were these fertilisers applied on 
an increasingly extensive scale, but during 
the war years rationing and restrictions 
on their use tended to ensure their applica- 
tion to the best advantage. 

Second, the expansion of the tillage 
acreage was facilitated by a marked 
increase in farm mechanisation. The 
number of tractors rose from the pre-war 
figure of 55,000 to nearly 300,000 in 1950. 
Combine harvesters showed an even 
more striking increase, from a mere 
150 before the war to 13,500. By 1950 
over 2 million tons of grain were in fact 
combine harvested. Mechanised methods 
were similarly developed in other agricul- 
tural fields, the most recent and most 
notable being in the harvesting of sugar- 
beet. Such developments not only facili- 
tated cultivation and harvesting but were 
designed (though through lack of experi- 
ence with incomplete success) to maximise 
output per man as well as per acre. 

Third, the expansion programme was 
increasingly aided by modern crop pro- 
tection methods. The dressing of seed 
with fungicides had long been a recognised 
practice ; by 1950 it was estimated that 
no less than 80 per cent. of the country’s 
wheat and 50 per cent. of other cereals 
were so treated. This practice is still 
expanding and to it has now been added 
the new technique of combined seed 
dressing which is designed to confer 


protection against wire-worm as well 
as fungus growth. Still more striking 
has been the large-scale development of 
herbicides which, as spray or dust, are 
now estimated to be employed for weed 
control on more than a quarter of oy 
cereal acreage. In the field of animal 
production similar protective or curative 
measures were employed. Strain 19 was 
used extensively to reduce the ravages of 
abortion, while penicillin treatment un. 
doubtedly curtailed the losses from mas. 
titis, And although it is difficult to 
estimate its direct effect on meat or milk 
production, the number of attested herds 
rose from a pre-war figure of 1,500 to 
60,000, so that by 1950 the proportion of 
attested animals had reached over a 
quarter of the cattle population. 

Fourth, marked improvements were 
effected in pasture husbandry and grass 
land management particularly as a result 
of the very considerable expansion in ley 
farming, and great strides were made in 
the development of means for conserving 
surplus grassland herbage. In particular 
the output of silage was increased from 
less than half a million tons in 1946 to 
nearly 2 million tons in 1950, while within 
the same period the production of dried 
grass rose from below 50,000 tons to 
nearly 200,000. 

Fifth, consistent efforts were made to 
raise the productivity of both crops and 
stock. Most notable were the steps taken 
to raise the yields of milking cows. The 
number of milk recorded animals doubled, 
and by 1950 covered a fifth of the total 
population. Still more striking, particu- 
larly in view of its comparative novelty, 
the number of approved bulls at artificial 
insemination centres increased tenfold, and 
by the end of the period under review the 
number of inseminations from such centres 
totalled more than half a million a year. 

The effects of these and other modern 
applications of science on the country’s 
agricultural output is not easy to assess. 
Crop yields are recognised to have in- 
creased by 10 per cent. since pre-war 
years, and grassland yields by at least the 
same proportion. Milk yields are esti 
mated to have risen by two to three times 
this figure. But whatever the overall 
contribution, the stimulus to new develop- 
ments and new techniques engendered 


252 


by 
post 

ha 
| 

the 
and 
ture 
Thi: 
tota 

on 
sup 
of ¢ 
po 
the 
hac 
tio 
ove 
of 
ade 
on 
pa 
the 
Wi 
reg 
tre 
al 
pr 
DO 
in 
if 
ne 

a 

0 
ye 
al 

d 
le 


as wel] 
striking 


ment of 
lust, are 
or weed 
of our 
animal 
Curative 

19 was 
vages of 
ent un- 
Mm mas- 
cult to 
or milk 
d herds 
900 to 
rtion of 
over a 


; were 
1 grass. 
result 
in ley 
1ade in 
serving 
ticular 
d from 
946 to 
within 
f dried 


Ons to 


ade to 
ps and 
taken 
The 
ubled, 
= total 
articu- 
ovelty, 
tificial 
d, and 
the 
entres 
year. 

odern 
ntry’s 
ASSESS. 
ye in- 
€-war 
st the 
esti- 
times 
verall 
relop- 
dered 


by the war, and throughout the immediate 
t-war period, should bear an increasing 
harvest for many years to come. 

May I turn now to a brief discussion of 
the country’s future food requirements 
and to the extent to which British agricul- 
tue may be called upon to meet them ? 
This latter will depend not only on the 
total level of demand for food, but also 
on the volume of potential overseas 
supplies. 

Three factors will govern the total level 
of demand for food. First, the growth in 
population. I have already noted that in 
the decade between 1939 and 1950 food 
had to be provided for an additional 
2} million mouths. The rate of popula- 
tion growth is slowing up. Nevertheless, 
over the next twenty years an increase 
of a further 5 per cent. is still forecast, 
adding another full 2 millions to the claims 
on our supplies. Second, the extent and 
pattern of demand. It seems unlikely 
that, on a per caput basis, the former 
will fall below the pre-war level. As 
regards the latter, it is noticeable that the 
trend in the national demand for food is 
already showing a return towards the 
pre-war pattern, and although it may be 
possible to vary slightly the choice within 
individual classes of food, it is doubtful 
if the population would—unless in dire 
necessity—contemplate with complacency 
a permanent change in general pattern 
of the type necessitated in the mid-war 
years. 

There is, indeed, evidence that the de- 
mand for the more nutritious, palatable 
and attractive foods may in the future 
show a tendency to rise. Before the war 
dietary surveys indicated that there were 
marked differences in food consumption 
levels between different income groups 
within the population. By 1950 these 
differences had either been eliminated or 
markedly narrowed. ‘Thus, while pre- 
war milk consumption figures showed 
variations from 1 pint per week in the 
lowest income group to nearly 6 pints in 
the highest, by 1950 these extremes had 
been narrowed to 44 and 6} pints respec- 
tively. Again, for eggs the pre-war 
surveys showed extremes of 1 and 5 per 
week ; by 1950 they were 3 and 4. Again 
for fats the pre-war figures showed ex- 
treme differences in consumption of 
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60 per cent., and for meat of 100 per cent., 
between the highest and the lowest income 
groups. By 1950 fats showed a negligible 
range and the differences in meat con- 
sumption were of the order of only 5 
or 10 per cent. Only with fruit and 
vegetables were pre-war differences still 
observed. It is, of course, true that the 
levelling of consumption in the war and 
post-war years was due, in part at least, 
to measures specifically adopted to ensure 
an equitable distribution of supplies, 
based primarily on physiological needs— 
notably by rationing, subsidies, and wel- 
fare measures. Nevertheless the greater 
equalisation of incomes probably exerted 
the major effect. If so (and provided 
Welfare measures are maintained) this 
changed consumption pattern might well 
influence future levels of demand if foods 
were once again in free supply. It is here 
that the third factor will tend to operate— 
the future price of food. If consumption 
is to be maintained at both higher and 
physiologically more equitable levels, it is 
clear that the costs of production of our 
home supplies (and equally, of course, the 
costs of procurement of our overseas 
supplies) must be such as will furnish food 
at prices within the purchasing power of 
the mass of the population. This empha- 
sises the importance of developing agri- 
cultural techniques which will be capable 
not only of increasing but of cheapening 
food production. 

What of the availability of world 
supplies from overseas? The greatly 
increased demands caused by the im- 
mediate post-war needs of liberated 
Europe and the Far East have eased, but 
long-term tendencies may take their place. 
World population grows at a rate equi- 
valent to 10 per cent. per decade. More- 
over with increasing world consciousness 
of the importance of adequate nutrition, 
the more backward countries are naturally 
striving to improve their own living 
standards. ‘Thus we may in the long term 
not merely find valuable pre-war sources 
of supply no longer open to us (oilseeds 
from India are a case in point), but we 
may well be faced with increasing com- 
petition for the food surpluses of the 
primary producing countries. What of 
the availability of currency ? Here again 
the problem is not proving to be merely 
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short term, or merely one of dollar 
shortage. Owing to the war-time sacrifice 
of our interest-bearing assets overseas, 
combined with the expanding industrial- 
isation of those nations to which we had 
previously looked for food (with its inevi- 
table repercussions on the terms of trade) 
we are faced with an increasingly serious 
balance of payments problem, which will 
inevitably tend to limit our capacity to 
purchase our supplies from overseas. 

With potentially increasing home de- 
mand (provided reasonable prices are 
maintained) and a potentially contracting 
availability of world supplies, the need 
for further home production is assured. 
Whether this will once again involve us 
in a sparser or a plainer diet cannot be 
forecast. It would, indeed, be idle to 
predict how far our present output could, 


if need be, be expanded, or to speculate 
upon its future form. But even within 
the present general pattern of land usage 
science, and the application of science, 
still offer ample scope for betterment 
Crop yields on neighbouring farms stil 
show too wide a gap; plant and animal 
disease still take too great a toll, methods 
of breeding and of feeding still vary too 
greatly in efficiency and skill. It will 
however, clearly remain to my successor 
in this chair, perhaps some ten or twenty 
years hence, to judge whether, within 
whatever pattern British agriculture has 
by then assumed, the industry has main. 
tained its present march of progress, and 
whether in that march of progress science, 
the handmaiden of practice, has continued 
to fulfil her rightful and her beneficial role,! 
1 Delivered Sept. 5, 1952. 


APPENDIX 


TABLE I 
IMPORTS OF Foop AND ANIMAL FEEDs INTO THE UNITED KINGDOM 


(Million tons) 


Pre-war 1940 1941 1942 1944 1947 1950 

Wheat and other edible 
grains . 7°4 6°6 4-0 3-7 4:7 
Animal feeds 5-1 3-3 1-0 0:2 0-2 1-0 1-7 
Sugar. 1-5 0-8 1-2 1-9 2:1 
Fruit and vegetables . 2°5 1-4 0-3 0-3 0:4 1-9 
Oilseeds and fats 2°5 2:3 2-2 2:1 2:1 2:1 
Meat. ‘ 1-5 1-5 1-6 1-7 1-8 1-4 1-3 
Milk products and eggs 0-5 0-4 0-5 0-7 0-5 0-4 0-4 
Other foods. 1-3 1-4 1-2 1-0 1-2 1-3 1-5 
Total 22-5 19-1 15-1 10-8 11-1 14-8 


Sources : How Britain was fed in War-time, H.M.S.O., 1946, and current estimates for post-war years. 
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TABLE II 
EsTIMATED ACREAGE AND PRODUCTION OF PRINCIPAL Crops IN THE UNITED KiInGpoM 
Pre-war 1940 1941 1942 1943 1944 1947 1948 1949 1950 
ACREAGES 
(Million acres) 
Wheat 1-9 1-8 2°3 2°5 3°5 3:2 2:3 2:0 2°5 
Potatoes 0-7 0-8 1:1 1°3 1°4 1°4 1°3 1-5 1°3 1-2 
Sugar-beet . 0-3 0-3 0°4 0:4 0:4 0:4 0:4 0:4 0:4 0-4 
Barley 1-0 1-3 1-5 1-5 1-8 2:0 2:1 2:1 2°1 
Oats 2°4 3-4 4:0 4-1 3-7 a7 3°3 3°3 3°3 
Fruit and veget- 
ables 0-6 0:6 0:7 0-7 0-7 0-8 0:9 0:9 0-9 0:8 
PRODUCTION 
(Million tons) 
Wheat 1-7 1-6 2:0 2°6 3: 3-1 1-7 2°4 2:2 2°6 
Potatoes 4-9 6°4 8-0 9-4 9-8 9-1 7°8 11-8 9-0 9-5 
Sugar-beet . 2°7 3+2 3°2 3-9 3°8 3:0 4-3 4-0 5:2 
Barley 0:8 1-1 1-1 1-4 1-6 1°8 1°6 2:0 1-7 
Oats 1-9 2°9 3-2 3°6 3-1 3-0 2:5 3:0 3-0 2°7 
Fruit and veget- 
ables 2°3 3:2 2°8 3-7 3°5 3-9 3-7 4-2 3°2 3°9 


Sources : Annual Abstracts of Statistics 1938-1948 and 1938-1950. 


TABLE III 
EstmmATED LivesrocK POPULATION AND PRODUCTION OF LIVESTOCK PRopUCTS IN THE UNITED KINGDOM 
Pre-war| 1940 | 1941 1942 | 1943 1944 | 1947 | 1948 | 1949 | 1950 
POPULATION 
(Millions) 
Cattle 8-8 9-] 8-9 9-1 9-3 9-5 9-6 9-8 10:2 10°6 
Sheep ‘ . | 26°8 | 26°3 22°3 21:5 | 20-4 | 20-1 16-7 18-2 19-5 20:4 
Pigs ‘ 4-4 4-1 2:1 1-8 1-9 1-6 232 2-8 3-0 
Poultry . . | 74-2 | 71-2 | 62:0 | 57°8 | 50-7 | 55:1 70:0 | | 95°5 | 
PRODUCTION 
(Thousand tons except milk) 
Milk (million 
gallons) . 1-2 1-2 1-2 1-3 1-3 1-4 1-5 1-6 1-7 1-9 
ef d F 605 582 551 481 478 519 510 499 528 636 
Mutton ; i 211 227 176 171 159 142 bt? 123 140 147 
Pigmeat . Z 393 362 248 150 150 169 113 136 232 290 
Eggs ‘ ‘ 389 430 417 314 266 264 363 358 423 516 


Sources : Annual Abstracts of Statistics 1938-1948 and 1938-1950. 
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TABLE IV 
Foop ConsuMPTION LEVELS IN THE UNITED KINGDOM 


(lb. per head per year) 


Pre-war 1941 1944 1947 1950 
Dairy products 38 41 49 49 54 
Meat * 129 99 110 94 112 
Fish, poultry and game * : : 35 ze 25 38 30 
Eggs and egg products . 29 19 23 21 32 
Oils and fats * 51 44 43 38 51 
Sugar 110 78 76 85 80 
Flour 195 237 234 224 202 
Potatoes 176 188 21D 284 244 
Fruit and vegetables , ; ; 249 169 218 246 228 


* Product weight. 


Sources : Food Consumption Levels in the United Kingdom, Cmd. 7842. 
Ministry of Food Bulletins No. 611 and 655. 


TABLE V 
EstIMATED NuTRIENT EQUIVALENT OF UNITED Kincpom Foop SupPLigs 


(per head per day) 


Pre-war 1941 1944 1947 1950 
Calories : ; ‘ : 3,000 2,820 3,010 2,880 2,990 
Total protein g. ‘ : 80-4 82-4 87-1 90-7 88-8 
Animal protein’ 43-2 38-3 41-4 43-0 46:0 
Calcium mg. . ' 695 698 1,039 1,190 1,207 
Iron mg. . ; 12-6 12-9 16-2 16-6 15-8 
Vitamin A ia. xk : 4,042 3,604 3,799 3,840 4,345 
Vitamin B, * mg. . 1-5 2:0 1:8 1°8 
Vitamin C mg. . ‘ 96 81 106 112 100 


* Other constituents of the vitamin B complex (i.e. riboflavin and nicotinic acid) increased equivalently. 


Sources : Food Consumption Levels in United Kingdom, Cmd. 7842. 
Ministry of Food Bulletins No. 611 and 655. 


TABLE VI 
PERCENTAGE CHANGES IN THE CONTRIBUTION OF BritTisH AGRICULTURE TO UNITED KinGpomM SvupPLIES 
(Pre-war = 100) 


Pre-war | 1940 1942 1943 1944 1947 1948 1949 1950 
Calories * : 100 103 116 133 130 130 119 126 133 
Animal protein 100 94 84 82 81 95 106 106 108 
Net output t¢ 100 108 105 120 125 117 123 135 140 


* Based on the pre-war contribution of 31 per cent. 
7 Based on produce from agricultural holdings at 1945-46 prices. 


Sources : How Britain was fed in War-time, H.M.S.O., 1946. 
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